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The Atomic Industry and Human Ecology 


X—SECRECY, WILLY-NILLY 


IN OR OUT OF CONTEXT, the content of Professor H. DeW. Smyth's now famous 
“Atomic Energy for Military Purposes’? remains required reading for the 
informed citizen in this Atomic Age. The book is a mine of information 
unfortunately titled however, since an examination of its contents leads logi 
cally enough to such erroneous statements as “It is impossible to separate the 
peaceful from the military uses of atomic energy.” If one may reason by 
analogy here, it is about as absurd to labor the (admitted) fact that radio 
activity is useful in war as well as in peace as it is to insist that the entir 
chemical industry, Say, ink Wal industry because chlorine has been used as 
War gas. This example is s ‘lected from many because every person knows 
that chlorine is also used to make water potable if not palatable. 

The Smyth Report is outstanding in making readily available to all the 
people certain bench marks in the omnipresent and growing secrecy-versus- 
security discussions of the day. It is particularly important because its author 
in virtue of his present position in the AEC continues to speak on the subject 
publicly. We are consequently provided a relatively easy way to watch the 
trends and to make our own evaluation of the importance secrecy is beginning 
to assume in American life. Such a personal evaluation becomes more and 
more necessary as various authorities deliver contradictory opinions as facts; 
at such a time men will do well to replace ‘authority’ by reason in the formu- 
lation of their own opinions. 

It may be that modern man must have secrecy, willy-nilly, but this is by no 
means certain. The New York Times writes editorially, in saluting Lewis L. 
Strauss as he left the Commission, ‘The AEC operates for the most part 
behind a veil of secrecy, for reasons which are obvious and necessary 
NUCLEONICS is plensed to join in the salute; we particularly like Mr. Strauss’ 
insistence on strict interpretation of the law, and agree with him that the best 
action is to change the law rather than to seek for a different or, as many would 
phrase it, a more liberal (sic) interpretation of the law. But we take strong 
exception to the now common statement that secrecy is obviously necessary, 
or that operations must proceed behind a veil of secreev, for reasons which are 
obvious. 

The most obvious of the many reasons why we cannot agree that secrecy is 
obviously necessary is illuminated by a story told about most teachers of any 
great reputation, especially in mathematics and in mathematical physics. 
For, like the student who asked Professor Jones, ‘‘Is the answer to that (par- 
tial differential equation) really obvious?,” we sincerely do not understand the 
reasons for the assertion. And we, like the student, are not helped if the 
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Professor requires to be excused from the classroom and given the balance of 
the lecture period in his private office before returning to the class with a flat, 
“Yes. It is obvious.” 

The trends must be watched. Inthe Smyth Report we read, ‘‘ At that time 

1939] American-born nuclear physicists were so unaccustomed to the idea of 
using their science for military purposes that they hardly realized what needed 
to be done. Consequently, the early efforts both at restricting publication 
and at getting government support were stimulated largely by a small group 
of foreign-born physicists “”’ A “Reference Committee” was later set 
up in the National Research Council, a non-Governmental agency, and was 
“organized to control publication policy in all fields of possible military inter- 
est.’ And finally, ‘It is of interest to note that this whole arrangement was a 
purely voluntary one; the scientists of the country are to be congratulated 
sic) on their complete cooperation.” 

To those who have followed the daily papers, it is clear that if it were to be 
done over, many scientists would operate without secrecy in the 1939 atmos- 
phere. In 1950 their cooperation is not quite voluntary. Almost all will 
agree with Oppenheimer in saying, ‘* We know that in secrecy error undetected 
will flourish and subvert.” And to those who might reply that we should get 
enough scientists on the inside so their errors will be detected, one suggests, 
in turn, that in the limit all would be inside, so that the great establishment 
which required so many now has no reason whatever for existence. The rub 
is that the nonscientists who are now in control of science will continue their 
mean course. It becomes increasingly clear that secrecy is here to stay and to 
grow, unless the scientists and others, whose best work cannot be accomplished 
with it, take positive action to get rid of it. And they may have secrecy, 
willy-nilly. 

Having had an opportunity to observe their fellow scientists’ discomfort, 
life scientists are somewhat better off than physicists, chemists and engineers. 
Consider the country’s great loss had the discovery of aureomycin’s ability to 
spur growth, as reported at recent American Chemical Society meetings, been 
hidden under the veil of secrecy. Yet it becomes nonsense to say that in- 
creased plant growth during war is not a valuable weapon and, if we are to 
classify all things used in war, then we must either increase the program of 
secrecy or admit logically that secrecy is not obviously necessary, indeed not 
necessary at all. 

Secrecy has caused a “row” in Congress, more properly a jurisdictional dis- 
pute, between the Senate Committee on Armed Services and the Joint Com- 
mittee on Atomie Energy. Seerecy has delayed the AEC’s reactor program, 
or secrecy prevents a discussion of what has caused the delay. And now as a 
final blow the Commission has announced a new study to seek an atomic sub- 
marine, with General Electric joining Westinghouse in this effort, while ‘the 
Commission indefinitely postponed construction of an atomic plant near West 
Vilton, New York, which was being designed to produce industrial power on an 
experimental basis.” 

Secrecy, whether we like it or not, is one thing, acceptable if foreed on us by 
circumstances and persons too strong to resist. But secrecy without reason, 
without an effort by every intelligent man to understand what is or may be 
necessary, and if accepted without demur, is surely treason. 
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Problems of the Atomic Energy Commission’ 


This is an age of international tensions. 
It is a fashion which springs basically from the 


fashionable to be extreme. 


In such an age it has become 


uncertainties and anxieties in the minds of people and from the urge, in 
times when certitude is gone, to grasp for pat and easy solutions to complex 


and troublesome problems. 


It is in this setting, and in the very middle of it, 


that the AEC must perform its task. Here, one of the commissioners 
attempts to delineate the major policy problems faced by the AEC. 


By GORDON DEAN 


Vember, United States Atomic Energy Commission 
Washington, D. C. 


THE PROBLEMS faced by the Atomic 
nergy Commission can be summarized 
stated 
them in terms of the two extreme al- 
ternative solutions which are frequently 


as below. I have purposely 


held out as the only alternatives. 
] Civilian vs military control of atomic 
energy. 
? Secrecy to hamper rival development 
of atomic weapons vs the obligation 
in the interest of progress with our own 
program to promote the free flow of 
scientific knowledge, and in the inter- 
est of democracy to keep the people 
informed. 
3 Government monopoly of the atomic 
energy enterprise vs private indus- 
trial control. 
Whether the Commission shall cen- 
ter its efforts on weapons or on the 
peacetime uses of atomic energy. 

There is hardly a major policy ques- 
tion, or for that matter a minor one, 
which does not fall within one of these 
Furthermore, 
there is not, in my opinion, a decent 
answer to be found to any of them by 
taking either of the extreme positions on 
any of these issues. The only area in 
which any degree of extremity would be 


four problem areas. 


* Based on a talk given at Duke University, 
Durham, N. C., March 15, 1950. 
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justified is on the comparatively sharp 


issue of civilian vs military control. 
Even here, with the principle of civilian 
control having been decided, certain 


balances were added 


Civilian vs Military Control 
The act which established the Atomic 
Energy Commission in 1946 embodied 
for the most part the principles advo- 
cated by the exponents of civilian con- 
trol. 
civilians. 


The result is a Commission of five 


The 


how ever, 


legislators, 











recognized the importance of a very 
close relationship between the military 
establishment and the Commission, and 
there was embodied in the law provision 
for a branch of the Commission staff 
under the director of military applica- 
tion, having a primary concern with 
weapons development. It Was pro- 
vided that this director be a member of 
the armed forces. There was also em- 
bodied in the law a provision for a mili- 
Under the act 


the Commission is required to advise 


tary liaison committee 


and consult with this committee on all 
atomic energy matters of concern to na- 
tional defense, and the military liaison 
committee is required to keep the Com- 
mission fully informed on all atomic 
energy activities ot the defense estab- 
lishment. The relations thus set up 
have been increasingly effective and In- 


creasingly harmonious 


Secrecy 

One of the most troublesome fields for 
the Commission is the matter of striking 
a balance between secrecy on the one 
hand and the free flow of scientific in- 
formation on the other, the balance be- 
tween information we shall issue gen- 
erally and what we shall keep within the 
project. This is not an issue that can 
be resolved once and for all; this is an 
issue Which the Commission must live 
with daily and resolve daily in piece-by- 
piece fashion. 

In resolving these information prob- 
lems, the Commission has posed to it 
two kinds of puzzles: puzzles of tech- 
nical progress and puzzles of sound pub- 
lic policy. 

The puzzle of technical progress was 
discussed at some length in the report 
made by the Joint Committee on 
Atomic Energy following the investiga- 
tion last summer. The dilemma de- 
scribed there is whether this nation safe- 
guards its security best by restricting 
the circulation of technical data to the 


people in the atomic energy project, or 
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by opening up the circulation of such 
data so that the skill and the brains and 
inventiveness of all American science 
and industry can be put to work at find- 
ing technical answers which will speed 
our development of atomic energy. 

The dilemma of course recurs as we 
consider each piece of technical informa- 
tion developed. Sometimes the staff 
and the Commissioners conclude that it 
would be risky to the national security 
to publish a document generally; some- 
times we find that general publication 
will speed our program more than it 
could possibly help rival programs 

The puzzle of sound publie policy is 
with us constantly. 

The Commission faces quite frankly 
the danger that, unless the people are 
kept informed concerning the basic facts 
and the implications of atomic energy, 
the Commission and the related agen- 
cies of the Government may become so 
remote as to leave behind the ultimate 
rulers of our Government, the people 
themselves. Government is” already 
too complex. The tentacles of its con- 
trol form such a disorderly web of funce- 
tional threads that it frequently becomes 
necessary to establish commissions of 
experts to study, trace and appraise 
and, if possible, untangle the threads 
which have been woven by other com- 
missions Of experts In spite of all of 
the efforts of the Atomie Energy Com- 
mission through semiannual reports, 
press conferences, releases to the press 
and numerous speeches, the great mass 
of citizens is amazingly unaware of the 
progress of the national atomic energy 
program and the implications which are 
involved in any given course of action. 

A recent private poll, taken last De- 
cember, three months after the Presi- 
dent had announced an atomic explo- 
sion in Russia, revealed that 26% of the 
persons polled were unaware of the an- 
nouncement. This sounds absolutely 
fantastic and yet the poll was taken by 
extremely competent experts in_ this 
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There is No One Secret. . . 


hich hy ise if is of over whelming wn portance There sa series of tech 
; i sdaments that have to be made. Vone is likel ito he clear cuto mportant 

y atself The best thing we can do is to balance advantages of revealin nfo 
lion to oO own people against the dangers of qiving that information to a 
potential enemy In doing so, we must remember that our future strength @ 
hnology cannot depend entire yon work in secret goverr ent labora 

fories lt certain / depend also on the vitality of our education prourat 
on the research of tnnumerable university and industrial laboratories and on the 
progressiveness of our industrial techno O”gy \ policy of exaggerated secrecy 

oO lestroy the very strength it was intended to protect 

The indirect effects of our secrecy policy are more subtle and, therefore, more 
) 1 am concerned by the extraordinary eraqggeration pven to the 
ortance of secrecy in the public mind Wen at not acce pl the false notion 
} the fety of the countr / depends on espronage laws, loyalty oaths an iFBI 
nvest fions and that the more of these fou have, the more secure jou make the 
niry s cure Some deqree of such measures is necessa fin certain areas 
) ) 1 have worked in such an area for most of the last ten years so that 1 


el nowa sides of the proble m / assure you that these es are ev 


Meas 


, e ng for they are against the traditions both of science and of the free 
society ; h ch we ve Let “us keep these police moasures toa miu noumand 
not allo panic or po itics to extend them to areas where the 4 are not needed 
() e depe nds on the stre ngth of our free institutions and free men, even 

ji? ee screntists In science, in technology, and in political actior 
pend not on negative restrictions, but on positive ac hievement 
bron i talk by Henry DeW. Smyth, Amherst College, Mareh 23, 1950 











hess 


ind purported to cover 
the 


( ‘onsequently m 


esentative segment ol 


the 


or keeping the people informed 


population 


a rep- 


American 


need 
about 


rn 
om 


energ\ 


Is great 


The obligation 


et 
t 


» them informed is heavy It 





iv be that some time when our leaders 


] 


should in an emergency ery out in des- 


for public support on some 


peration 
vital matter of the hour, they will be 


met with an apathetic silence from an 


ininformed populace. This, of course, 


would be tragedy. This is one side 


On the other side, there are areas 


within our program which in the inter- 
ests of national security cannot be made 


subjects of publie discussion, for to 
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make them public accomplishes ho par- 
ticular good but furnishes to unfriendly 


powers, bent on aggression and hostile 


to the United States, exceedingly valu- 
able military information 
In the Commission we have a pro- 


gram for declassifying documents which 
have been previously labeled top secret, 


This is 4 COon- 


as the events 


secret and confidential 


tinuing business. Our criteria for 
classification must change 
of the 


asked, and properly SO, by certain seg- 


world change. We are being 


ments of American industry why it is 
that the Commission will not release 
certain technical know-how to American 
business, know-how which may be 
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known to the Russians, asa result of their 
own efforts or which may have been 
handed to them on a silver platter by 
espionage. The question is a fair one 
and it is one that we wrestle with daily. 
It is not an easy question to answer. 
The general standard is that we hold 
secret those things release of which 
would substantially prejudice the se- 
curity of the United States and that we 
release, and release fast, information in 
those areas where the prospect of gain 
outweighs the prospect of harm. Again, 
one cannot talk intelligently about se- 
crecy in the abstract. 

Furthermore, we 
that 
somewhat affected by the state of mind 
of the official making the determination 
There are 


must appreciate 


decisions on these matters are 


to release or not to release. 
those people who instinctively rebel 
against the release of information deal- 
ing with official business. Sometimes 
their instinet is good. But 
also people whose reluctance stems from 


there are 


a conviction that the subject is too com- 
plex for the public to understand, from 
the conviction that the great masses of 
the people are dumb, or from the fear 
that in being frank about public affairs 
a bureaucratic ineptitude of one kind or 
another will be uncovered. There are 
others who believe very sincerely and 


very deeply that there is a strong ob- 


ligation for public officials to be com- 
pletely frank with the people. 

The really tough situation arises when 
you take a person of the second type 
who holds these deep convictions and 
place him in a government activity such 
as the Atomic Energy Commission. As 
for myself, I find that it is a daily strug- 
gle for me to reconcile the duty to dis- 
close with the duty to preserve secret 
information vital to security. 


Question of Monopoly 
The third troublesome field for the 
Commission in which striking the bal- 
ance is an ever present and challenging 


problem is the question of whether t] 
atomic energy enterprise should co: 
tinue to remain a government monopol 
with all that entails or a field in whic! 
private industrial ownership and opera 
tion should prevail. Again I put th: 
question in extreme terms simply to il 
lustrate that no extreme answer will 
suffice. 

During the war the Manhattan Engi- 
neering District operated the atomi 
energy program in complete secrecy and 
with the tightest governmental contro] 

The act creating the Commission in 
1946 the government 
monopoly. I am convinced that no 
other course was possible during the war 
and in 1946. I am equally convinced 
that most of it must remain 
ment monopoly today and perhaps for 


also continued 


a govern- 


many come. The question, 


however, is ‘‘at what rate and at what 


years to 


pace may segments of the program he 
turned over to American industry?” 
When I ask this question I think it is 
well that we should have in mind the 
fact that the operations of the atomic 
energy today carried on 
under a series of contracts between the 
Commission and American industry 
Our entire physical plant has been built 
by American industry, albeit with Uncle 


program are 


Sam’s dollars, and with minor excep- 
tions all of our installations are 
erated by nongovernmental agencies 
Eleven twelfths of the personnel in the 
program, while paid by Uncle Sam, are 


Op- 


nevertheless employees of contractors 
Industry, therefore, is in a very real 
only participating in the 
atomic energy program today but run- 
ning it. But, the problems arise from 
the fact that the participation is not 
normal, nor is it equitable, and it is sur- 


sense not 


rounded by numerous restrictions, not 
simply legal, but restrictions arising 
from the very nature of our program. 
There is, for example, virtually no 
private risk capital being employed in 
the field of atomic energy today. This 
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is not normal industrial participation. 

I mention inequitability. This re- 
sults from the fact that certain indus- 
trial concerns which are in the program 
as prime contractors have an advantage 
over those concerns which do not hap- 
This 
that certain large companies (and be- 


pen to be contractors. means 


ieve me we welcome them) are today 


securing certain technical know-how 


industrial concerns are 
in the dark, having access 


industrial 


while other 
somewhat 
only to scientific facts and 
know-how that is not classified. Since 
the materials in which we deal are in 
large part classified materials and since 
our business is in large part the making 
of secret weapons, it is not a field in 


which there is competition—and for 


this we pay a price. This cannot be 
changed over night or in the present 
state of world affairs. 

There are only two fields in which the 
Commission sees any great future for 
peacetime applications. 

One is in the field of radioactive iso- 
topes for use in the fields of biology, 
medicine, the study of plant and animal 
life and in industrial research. It is 
quite conceivable that a good portion of 
this program may within the next few 
years lend itself to private industrial 
operation. I am certainly not con- 
vinced that it need remain a govern- 
ment monopoly. 

In the field, however, of atomic en- 
ergy for the production of power the 
problems are much more complex. In 
the first place, the general technical 
opinion is that it will be ten or twenty 
years before we are producing electric 
power from atomic piles on an econom- 
ical basis. In the meantime we are 
bending considerable effort toward train- 
ing physicists.and engineers in reactor 
technology so that there will be a reser- 
voir of competent personnel when the 
day of atomic power arrives. 

We are also bending efforts to ac- 
quaint industry through classes, inspec- 
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REFERENCE to the 


ports of the AEC and to Commissioner 


semiannual re- 


Dean's own speeches else where show 
that he is abstracting portions of the 
entire atomic energy program to 
demonstrate the necessity of balance in 
viewpoint. “‘Atomic ene rgy”’ 
NUCLEONICS is certain, legitimately 
be applied to include all the areas in 
which the U 


mission carries on its 


may, 


. S. Atomic Energy Com- 
Thus, 
there are clearly great peacetime ap- 


work 


plications for various accelerators, for 
Dean 


“ ” 
Atom c enerqdy 


example, which Mr does not 


discuss here. also 
refe rs to the 


waste treatment and disposal, decon- 


operations required um 


tamination problems, construction for 
the handling of radioactive materials, 
etc. It is this broad view on which 
NUCLEONICS bases its approach to 
atomic energy. 

The Editor 











tion trips and literature with the extent 
of our program and rate of progress. 
There is no prospect in the near fu- 
ture of lifting the government monopoly 
over uranium used in the production of 
fissionable materials. At this 
such a course would be utter folly. But 


stage 


the basic problem goes on daily inside 


the Commission whether in certain 
areas of the program to extend the mo- 
nopoly or to diminish it; how far to en- 
courage private industrial participation 
and how far to discourage it. And al- 
ways underlying the solution of these 
problems is the recognition that there 
are areas which must remain secret. 
Here again then is another problem 
which cannot be resolved by any resort 
to extremes. One is not simply for mo- 
nopoly or against it, for industrial par- 
ticipation or against it. It is a matter 
again, as in the other fields which I have 
mentioned, of hitting a sensible balance 
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considering the exigencies of the hour 


and the prospects for the future 


Weapons vs Peacetime Uses 

rhe fourth area which I should like to 
mention has to do with the problem of 
whether the Commission should devote 
its effort to the promotion of weapons or 
to the peacetime uses OF atomic energy. 
On this subject there is much misunder- 
It certainly is not an either / 
About 


that one can visualize the emphasis be- 


standing 


or proposition the only way 


tween peacetime and wartime uses is to 
draw a large bar (see illustration To 


Purely peaceful efforts 8% 
, 





Weapons or peaceful power 
70% 











Diagram of apportionment of military and 
peaceful research done by AEC. Figures 
shown are very approximate 


the right there would be a small white 
space, perhaps representing five to ten 
percent of our program, which could he 
labeled efforts.” 


On the left there would be a somewhat 


“purely peacetime 
larger black area which would represent 
the “‘purely weapons” end of our 
And in the middle would be ap- 


pro- 
grain 
proximately 70° of our program which 
would be represented by a gray space 

the area where what we do may in the 
end vield weapons for war o1 power for 
About 70% of the dol- 
program today 


peacetime Use 
lars which go into the 
are going nto the acquisition Of ores, 
the processing ol feed materials and the 
production of uranium and plutonium 
metal. It is available for either weap- 
How it shall be 


used, whether it shall be used for one or 


ons or peacetime uses. 


the other eventually is not within the 
power of the Commission to decide 

But one thing I think is quite impor- 
tant to know in talking about peacetime 
vs Wartime uses. The small white see- 
tion of the bar shown is made up for the 
most part of expenditures for research. 
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In times of pressure such as we are now 
going through there will be those whe 
will urge that we give up our basic re 
search in the physical sciences, give up 
our work on cancer cures, give up our 
efforts to make progress in the utiliza 
tion of power from atomic piles. | 
sincerely hope that such forees will not 
prevail, for this is exactly what our en- 
emies would like to see 

In this connection, the development 
of useful power from atomic fission 
might well be considered for a moment 
The military authorities are prodding us 
all the time to speed the development of 
atomic reactors that can power a ship 
or submarine—and well they may 
The advantages of such a development 
are manifest. We respond cheerfully to 
the goad and are pushing this phase of 
the reactor program—pushing hard. 

But reflect for a moment on the fact 
that 


actor development for wartime use may 


what we learn in this side of re- 
well solve key problems in the develop- 


ment of reactors for central station 
a major boon for the peacetime 


Like- 


learn in the central sta- 


power 
development of our economy. 
wise, What we 
tion power reactor program may solve 
problems of nuclear propulsion of ships 
This reactor development program. is 
one which serves both our purposes 
defense and an expanding economy. It 
is highly typical of that gray area on the 
bar chart. Our director for reactor de- 
velopment is fond of pointing out that 
the Diesel engine would not have been 
developed nearly so rapidly save for the 
fact that it was useful in driving sub- 
marines, 

When I speak of the need for balance 
and for the middle road between ex- 
tremes I do not mean thereby to give 
blessing to those who would straddle 
The decisions must be made. 
no straddling. <A fence 


straddler is one who does not decide. 


the fence. 
There can be 


What I suggest is that the decisions be 


balanced decisions. 
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Design and Construction 


of a Small Radioactivity Laboratory 


It is cheaper to revamp an old building than to build a 
new one when a small radioisotope laboratory is needed. 
In this practical paper, the authors describe how they set 
up a laboratory for general purpose work on a limited 


budget. 


The ideas presented can be applied to erection 


of a laboratory for basic research, hospitals and industry. 


By LUTHER E. PREUSS and JOHN H. L. WATSON 
Edsel B. Ford Institute for Medical Research 
Henry Ford Hospital 
Detroit, Vichigan 


Pitt PRODUCED, radioactive isotopes 
ire available today in quantity and at 
reasonable cost. This has led a great 


number of research groups in diverse 


them Hlowever, the con- 


fields to use 
struction of adequate facilities at a 
reasonable expenditure presents a seri- 
smaller 


ous problem, particularly to 


nstitutions. The newness of the field, 
with consequent lack of trained person- 
nel, adequate equipment and labora- 
tory procedures, has accentuated the 
difficulties 

The small group in this department 
designed recently, on a limited budget, 
i laboratory for radioactivity studies. 
Since an existing building was revamped 
structure erected, 


rather than a new 


such a procedure will be described in 


this article Of course, the same con- 
siderations concerning proper construc- 
The installa- 


here can be used for a wide 


tion hold in either case. 
tion built 
range of isotope activities and is appli- 
cable to industrial as well as medical 
and fundamental uses. 

The 


department 


this 
n development of the 


problems confronted by 


lnboratory are similar to those of most 


organizations attempting to adapt their 
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work In 
faced 


facilities to radioisotope 


essence, the problem Was to 
design, develop and put into operation 
a suite of rooms adaptable to the fol- 
lowing: (1) the general needs of this 


department, which are those of pure 
physics research, particularly in prob- 
lems involving emanations from radio- 

their effect) on 
the needs of the 


radioactive 


active materials and 
matter; (2) to meet 
institute from a material 
supply standpoint and particularly to 
and biology 


to fill the needs of 


supply a biochemistry 
department; and (3 
a large, hospital staff in all stages of 
tracer and therapeutic work involving 
and P*? 


The first step was to discover from 


isotopes, particularly I 


the people involved some idea of the 
scope of their proposed work. Two 
facts of particular note were discovered 
that 
group had problems upon which they 


from these interviews: (1 every 
were eager to use the isotopic tool, and 
(2) that with few exceptions the pro- 
spective users were vague regarding the 
quantities and the activity levels which 
they proposed using. 

that the 
type of application would be.diverse, 
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It was obvious, however, 








FLOOR PLAN OF THE LABORATORY—Before, After, and Details 
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FIG. 1. BEFORE remodeling. Clear 
area shows space available for the 
laboratories 


and consequently, the laboratories were 
designed with fairly wide latitude given 
methods of de- 


to space, shielding, 


contamination and personnel accom- 
Monetary 
however, limit the extent to which this 
ideal may be realized. The design was 
such (1) that work could be done at 
below the 
curie level up into the millicurie range. 
Design features all hinge upon the 
source character and activity levels (2). 


modation, considerations, 


activities from ten micro- 


LAYOUT 


The age and condition of the building 
as well as the particular construction 
characteristics of the section where the 
laboratory is to be set up should be 
studied carefully from the point of view 
of suitability for the project. Since 
local building codes and city building 
liable to be 
counter to best principles of isotope 


laws or restrictions are 


laboratory construction (3), the proper 
authorities should be contacted ahead 
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FIG. 2. AFTER remodeling. Plan as 

revised for the radioisotope laboratory. 

Note bounding corridor, hood shield in 
room V and buffer room, VI 











of time with regard to them. For 


these reasons the construction and 
design should be supervised by both a 
physicist and an architect working 


closely (4). 


Building Description 

The space which was rebuilt is shown 
uncrosshatched in Fig. 1. It is located 
on the second floor of a three-story 
brick structure of reinforced concrete 
construction. The floors are of 14-inch 
girders, separated by 
tile forms, covered by 


concrete 
hollow 


solid 

7-inch 
approximately five inches of concrete. 
Sub-girders are supported by main 
girders roughly 18 inches on a side in 
This particular con- 
structional design is common and pro- 
duces a floor which takes a stress of 
approximately 500 pounds per square 
foot. It is ideal for reasons of struc- 
tural strength and shielding. A hood 
which is to shield millicurie levels of 
activity might well weigh many hun- 
dreds of pounds and requires a sturdy 


cross section. 


foundation. 

Interior walls were originally of con- 
ventional tile and plaster construction 
and offered little structural strength or 


shielding properties. Floor and wall 
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Dimensions of Rooms* 
Le ngth Width 
Room ft in ft in 
I (Counting 12-0 6-4 
II (Low Activity 13-11 12-0 
III (Monitoring 12-0 7-0 
IV (Intermediate 14-8 9-9 
V (High activity 14-8 S-11 a 
Corridor 4-11 NS 
* The counting, monitoring, and hot rooms are Y 
minimum in size and, although they may be 4 
hanged in shape and juxtaposition, our exper- \ 
ience argues against reducing floor areas in these aare ree iX . 
three rooms ~ 
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surfaces were painted with ordinary 
interior paints. 

The revised floor plan is shown in 
Fig. 2. Five work rooms have been 
made up from the moderate area avail- 
able (slightly under 600 sq ft). A cor- 
responding area should be available 
to any group contemplating such a 
development. 

This floor space was chosen primarily 


because it was not situated directly 
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DETAIL of section showing hoods, furniture and circulation of air 


above a kitchen area, and consequently 
it was not necessary to run disposal 
lines through the kitchen. Not every- 
one will have this serious contamination 
problem to contend with, but the dis- 
cussion here is illustrative of ingestion 
possibilities which did arise and which 
might arise elsewhere. 

The area originally occupied by three 
rooms has been converted to six, with a 
The corridor and 
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bounding corridor. 








room VI (see Fig. 3) serve as an effec- 


tive quarantine for non-radioactive 


work detailed to other sections of the 


floor 


Monitoring Room 
The monitoring room, III, is the key 
Its placement. is 
“air lock,’ and 
through it 


room for the suite 
analogous to that of an 
all commerce must 
The 


have doors to the hall for emergency 


pass 


other rooms of the section also 


these are secured 


and the 


and service use, but 


during routine operation 
laboratory as a whole is accessible to the 
hall only through the monitoring room 
All detecting 
clothing, surveying and monitoring are 
this health 


physics practices are concentrated in 


equipment, changes of 


centered in room, and 
and operated from it 

The monitoring room is common to 
the high-activity section, rooms IV and 
V, where the activity levels range into 
the millicurie realm, and to the very 


I and II, 


two or three orders 


low-activity section, rooms 
where activities are 
of magnitude below microcurie amounts. 
Contamination from the high to the 
low-activity rooms is consistently con- 
trolled 
dures required In passage through room 
Ill. More 


allotted to health physics in a 
but, 


by careful monitoring proce- 


than one room is” often 


large 


installation, where space is at a 


premium, a small but carefully planned 


section of connecting hallway is suffi- 


cient for a monitoring area 


Low-Activity Room 


ftoom Il, Fig. 3, is) immediately 


adjacent to the monitoring room and 
is designed for minute levels of activity 
tracer 


such as are encountered = in 


studies and radioautograph prepara- 


tions. Source strengths well below the 


microcurie value are encountered in 
this 


room might not be required in smaller 


section, and such a low-activity 


installations. Work with low activities, 
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which ordinarily is time-consuming, 
isolated in our layout from the ver) 
high activities found in room V: con 
sequently, exposure of working person 
nel is effectively reduced 


Counting Room 


\ counting room, I, is directly in 
corporated into the laboratory, but a 
more elaborate installation might per 
mit the area designated for quantitative 
work to be 


processing 


more isolated from the 


rooms than was possible 


here. Isolation of quantitative work 
is a good general rule to follow when 
space is available Air contamination, 


dust deposits and = small spills 


miay 
affect the background to such an extent 
that the counting room becomes useless 
The best 
tion is the enforcement of 


insurance against this situa- 


a thorough 
regulations within the 


set of conduet 


laboratory. The location of the moni- 


toring room itself is a barrier to 


contamination 
The design here is suitable because 
wall which 


the partitioning separates 


the counting room from the low- 
activity room is of solid 4-inch concrete 
block which offers some shielding pro- 
addition, the 


activity 


tection. In extremely 


low levels of used in the ad- 
joining room do not increase the back- 
ground appreciably. Some local shield- 
ing may still be 


This 


veniently by use of cement block or lead 


necessary in certain 


Cases. may be achieved con- 
sheet. 

The counting room contains exten- 
sive electronic equipment, such as 
sealers, electroscopes, amplifiers, ete 
If humidity becomes a problem, it may 
this 


room; consequently, it is advisable to 


be mandatory to air-condition 
keep it small and compact, convenient 
and easy to maintain. Numerous elec- 
trical outlets must be provided, with 


Volt- 


age drops, surges and heavily loaded 


a number of 15-ampere circuits. 


circuits must be avoided. 


May, 1950 - NUCLEONICS 














Intermediate Room 


Room IV, the first room adjoining 
the monitoring room ins the high 
etivity section of the laboratory, is 


oosely termed the intermediate room 
ts function is to serve as an anteroom 
or room \ 
rr decontaminating operations 
Where th 


this 


It may be used for storage 


SEeTV ICE 


emphasis Is ola biological 


nature, room is useful for animal 


treatment and storage, or for ambula- 


tory patient treatment in the ease of 
therapeutic or tracer studies in hospital 
Lack of 
make it 


omitted, but it 


work floor 


Space Im sore 


ihoratories may necessary for 


this room to be Is well 
to remember that it can also be impor- 
tant 


n reducing the contamination from 


the high to the low sections. 


High-Activity Room 


From a radioactivity standpoint the 
most important room in the suite is 
V, which adjoins IV and backs up 
igainst the low-activity room. The 


isolation of this room is apparent from 
hig. 3 


ol its 


It is accessible only by means 
interoom Facilities are not 
( labor ite The hood occupies one side 


of the room, with a simple laboratory 
bench on the opposite wall, 


The additional shielding required by 


in this room is an important 


the hoo 
part of its design (details of hood design 
This’ shielding 


blocks 


discussed on p. 19 ° 


is made up of solid concrete 


8S in 10 in 14 in., or hollow block 
may be used with the hollow sections 
filled with concrete. The concrete 
blocks, which serve as combination base 
and shield, extend on all four’ sides 


beneath the hood, with the latter sus- 
pended on the back and sides by a ledge 
which projects from the block construc- 
The 


directly on the 


front of the hood rests 


block 


one-half inch openings must be made in 


tion 
wall. Eleven, 
this front portion of the block wall to 


ivccommodate the remote controls. 


On the sides and back the shielding 
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#) stands 5's feet high, whereas in the 


front it is erected only to the working 
apron of the hood Phe higher por 
tions ot the shi ld I luce background 


in the other While the 


is shielded by 


lead brick on the 


ope rator 


apron 


No additional shielding was needed 
on the floor under the hood or in the 
ceiling above it The inversi Square 
law and the heavy concrete structure 


Surhaces 


reduce radiation beyond these 
to a safe value 


The fitting of unitized furniture into 


the laboratory Is no ecritieal considera 


tion which must be applied to th 


dimensioning of all of the rooms \ 


careful study of the size and shape of 


the individual units must be made 
beforehand. If a wall is out of posi- 
tion by as little as 'y in. it may b 
necessary to omit an important piece 


of furniture. 
SPECIFICATIONS 

Certain basic criteria exist regarding 
materials for a 
These 


decon- 


building methods and 
radioisotope laboratory — 
arise from the need for easy 
tamination of floor, walls and fixtures, 
shielding requirements 


and from the 


This is of particular importance in the 
pet” 


must be used to cover all concrete 


section. Special precautions 
and 
and dust collectors, 
should be 


hHonporous 


raw plaster areas, 


such as overhanging pipes, 


eliminated. Paints must be 


with a hard-finish surface. Fixtures 


and facilities of simple design which 


lend 
tion are 


themselves to easy decontamina- 


most desirable Provisions 


for storage and disposal of waste are 
required, These and many other needs 


underline the necessity for careful 


planning and execution of the plans 
Flooring 
* was installed through- 


Cracks 


Tile flooring 
out the laboratory between 


9 in. X 9 
Armstrong 


* Armstrong's No. 318 ie in 
in. asphalt tile with 4-in. co 
Cork Company, Lancaster, Pa 


er base 
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FIG. 4. Wall construction showing the 
cement block with furring in place. Wall 
board masonite was installed over furring 


— 


FIG. 5. Intermediate room showing wall 


finish 


squares are quickly closed after brief 


usage, but admittedly these fissures may 


be a definite contamination hazard. 
This danger is discounted by the ease of 
replacement in the event some squares 
become fouled by a radioactive spill. 
In this latter respect small squares of 
tile are superior to large sheets of 
linoleum. The 4-in. asphalt baseboard 
used on the wall with the tile is im- 
portant. It fills the crack between tile 
and wall very effectively and is an aid 


in washing the floors. 


Wall Construction 


In the process of partitioning off the 
Was necessary to 
erect four walls, Fig. 2. Three types 
of wall construction of similar cost were 
immediately chalk block, 
hollow cement block, and solid cement 
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isotope section, it 


available: 


block. 
of which 


chosen (4). 


Solid cement block, dimensions 
were 8 X 12 X 4 in, 
This 
more because of the extra space the 
solid blocks afforded than 
their inherently greater 
The principle of 


was 
choice was made 
narrow, 
because of 
shielding capacity. 
massive, distant shielding was always 
discouraged with the preference given 
to small shields close to radiation (6 
sources. This practice eliminated the 
excessive cost of heavy walls and lead- 
lined rooms, 


Wall Surfacing (9) 

Of the several conventional finished 
wall surfaces available, it was decided 
that 
laid over le 
This 
superior to plaster or other porous 


hard-surfaced masonite sheeting 
2-in. furring was most 
desirable. type of covering is 
materials, since accidental spills will not 
easily soak through it into the wall 
proper. If the masonite does become 
contaminated, it is an economical and 
simple procedure to replace the stand- 
4-ft 
before 


ard sections. Figures 4 and 5 
and after views of this 
construction, which installed in 
rooms IV and V._ It was not necessary 


to use this surfacing in the remainder 


show 
was 


of the rooms since the expected levels of 
activity there were low and the chances 
Cracks be- 


covered 


of contamination slight. 
masonite sheets 


2-in. wood strips or with 


tween 
with 14 
one of the available commercial tapes. 


are 


Lighting 


In the ease of this laboratory, 
fluorescent lighting fixtures of a simple 
design were specified for the ceiling. 
They are of a flush mounting type (4), 
which have no horizontal surfaces for 


dust collection. 


Ventilation 


The layout and construction for the 
various doors in the laboratory is an- 
other vital factor in the design. A 
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per ay 


hood for radioactivity work should have 
a linear air flow of roughly 100 ft per 
minute (80-90 ft per minute may be 
optimum If a hypothetical case of a 
hood with window space of 10 sq ft 
is considered, this means that a blower 
is needed which will displace 1,000 cu 
ft of air per minute. Most hoods have 
a window opening of at least 10-15 sq 
ft. Unless a free air supply of 1,000 
1,500 cu ft per minute is at hand, a 
slight evacuation of the laboratory 
will occur and the linear air flow will 
decrease to a dangerously low value at 
the hood opening. 

To obviate this difficulty, louvers 
were placed in four of the doors. The 
positioning of these louvers may be 
seen in Fig. 3. It will be noted that the 
high-activity section has an air supply 
independent of the low activity area 

, Figure 6 shows one of the doors 
with the louvers installed. This air 
flow may be disrupted by incautious 
use of the interconnecting doorway 
Stringent regulations may obviate this, 
or adjustable louvers can be installed. 
In any event, air flow from the ‘‘hot”’ 
section to the low-activity section is 
to be avoided 

The hazard of contamination via the 
air is a vital danger. Where the floor 
plan is compartmented according to 
room usage, distinct air supplies for 


each section must be secured. 


Heating 
The heating is integrally connected 
with the general problem of ventilation 
and air supply for the hood. The large 
volume of air moved by the hoods is an 
important factor to consider when cal- 
culating the capacity of the heating 
units. It is best for the physicist to 
collaborate with a heating engineer 

regarding these factors. 
Elaborate and expensive systems of 
heating have been recommended (4) 
for some laboratories. Organizations 


with unlimited resources may integrate 
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FIG. 6. Simple louver 


radiant heat along with air conditioning 
and humidity control. Small groups 
may find this space-consuming in the 
minimum laboratory and = very” ex- 
pensive, especially where the develop- 
ment involves remodeling 

It was decided that conventional 
gravity-fed hot water radiators were 
too bulky, hard to clean, and took up 
much valuable floor space. Conse- 
quently, unit blowers,* which are 
approximately 1 ft square and 5 in. 
deep with a metal exterior case covered 
with hard-surfaced, baked enamel, 
were prescribed for the various rooms. 
The advantages are: diminutive size, 
offering little surface for dust contami- 
nation, convenient and efficient source 
of heat, and operation either on hot 
water or steam. The large capacity of 
the hoods and the problem of circulation 
of air demand careful consideration in 
the placement of the blowers. 


Utilities 
An adequate supply of the usual lab- 
oratory facilities is necessary. Room 
I requires a number of load-free 15- 
ampere, 110-v a-c circuits. Erratic 
counting may result from voltage 


* Modine Unit Blowers, Modine Manufac- 
turing Company, 1222 State St., Racine, Wis. 
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fluctuations present on supply lines to 
scalers, monitoring equipment, or high 
voltage units for Geiger-Miller tubes 
installed 
in the counting room and designed to 


\ voltage stabilizing unit * 
feed all possible combinations of instru- 
ments eliminates this source of counting 
mistake to limit the 


number of circuits in even the smallest 


error. It is a 


laboratory counting room where three 
15-ampere load-free circuits is an abso- 
lute minimum. The monitoring room 
is supplied with two load-free 15-ampere 
circuits to supply the ordinary plug-in 
equipment. A water supply and drain 
are needed for the emergency shower 


Rooms II and \ 


factlities common to the chemical bench 


require complete 


These include hot and cold water, gas, 
compressed air, steam with return lines, 
110-v a-e, Each 
hood is outfitted with a double set of 


vacuum lines, ete 

the utilities, and corresponding services 

are distributed on the work benches. 
foom ITV 


character will depend upon the room 


requires utilities whose 


function. In the case of our labora- 
tory, gas, air, Water and electrical out- 
lets were specified. Drainage lines to 
handle hot 


consideration 


material require special 


Because of water con- 


tamination, monitoring and — safety 


precautions mitist he considered at the 
outset (70) with placement of traps and 
matter For 


disposal lines a critical 


large central collecting 
Here large 


be imprisoned for a 


operations a 


trap or traps is useful 


volumes may 


number of half-lives, or until dilution 
takes the 


point. 


activity below the danger 


Such units are large, must be 


highly accessible, well-shielded, and 


demand special equipment. 
In our design, AEC recommendations 
11) of disposal of wastes by ‘dilution 


and dispersion” were followed rather 


than a method involving confinement 


* Sorensen Voltage Stabilizers, Sorensen and 
Co., Inc., 375 Fairfield Ave., Stamford, Conn 
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and control. For obvious reasons ea 
sink was supplied with lead traps 
preference to the conventional css 


iron type. Disposal lines are route 


through safe areas and are located fo 
ease Of monitoring. 

Supply conduit) and piping wer 
either buried in the walls or laid closs 
to the ceilings where they might be 
covered with a false ceiling to eliminate 


the danger of dust collection. 


Painting 


The ordinary finishes suggested by 


the painting department were too 
where 


\ hard- 


surfaced enamel* was specified for the 


porous for use in areas con- 


tamination Was a possibility. 
five rooms. The enamel has an im- 
pervious skin, and is easily washed and 
dried. The surface resembles varnish 
but has a resistance to water not found 
Various shades 
with the 


Some 


in non-spar varnishes. 
are available to harmonize 
balance of the building interior. 
of the new peelable plastic paints are 
their 


usage ot 


more highly recommended, but 
and the 


strange techniques in their application 


cost necessity for 


precluded their use in’ these rooms 


4eN 


Reactive 


Two recommended 
Plastic Paint’’t and 
Varnish F-GV-5203."'t 
are the following: Prufcoat, 


paints are 
Heat 

Also suggested 
Amercoat, 


Stripper Base, Strippable Surface (4).8 


Special Problems 


Certain problems were emphasized 
by the nature of the building’s over-all 
The most vital 
of these was the proximity of a cafeteria, 


design and function. 


which serves several hundred meals 


* High Gloss Enamel, (193, Watson Standard 


Paint Co., Pittsburgh, Pa 

+ Interchemical Corporation, Chicago, Ill 

tduPont de Nemours & Company, Ine. 
Wilmington, Del. 

§ Leaded paint, Lewis Berger & Sons (Brit- 
ish), Australian Branch Plant [NucLeontcs 5, 
No. 1, 81 (1949)]. 
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“ ty 


each day and is located immediately 


idjoining the area available for the 
laboratories (Fig. 3 On the 
kitchen is 


Since one of the most dangerous aspects 


floor 
situated 


below, a large 
of the use of radioisotopes Is ingestion 


of the materials, it was immediately 
ipparent that some buffer arrangement 
was required between the food handling 
ireas and the laboratories. 

Another 


modeling is the presence of overhead 


matter encountered in re- 


piping and conduit, which will be a 
source ot danger in regard to the collec- 
tion of radioactive particulate matter. 


alse 


Serve 


ceilings of masonite sheeting 


to cover these areas. In an old 


building such as ours, the positioning 
“stacks”? demand 
Ideally, they should be 


and 


ol disposal lines and 
careful study 
easily available for monitoring 
vet removed from danger areas, such as 
the retectory. 

\ layout problem was presented by 
the fact that the area proposed for 
non-scientifie 


Although this trafhie could 


remodeling Was used hy 
personnel 
be minimized by stringent rules, routes 
were contamination-free had to 
this 
necessary to reconcile the layout with 


which 


he devised In respect, it Was 


rulings, which demand. free 


halls for 


space was available for a 


local fire 


iecess to the all personnel. 


Fortunat lv, 
hounding corridor, but where space is 
traffic 


may be set down in the isotope labora- 


not available, prohibitions on 


tory regulations 


FURNITURE 
Modular Units 
The general layout of the furniture 
as used in the isotope suite is shown 
in Fig. 3. Work 
places rather demanding requirements 


with radioactivity 


upon furniture. It must be adaptable 
to various rooms and room dimensions, 
easily cleaned, simple in design with 
smooth, hard, working surfaces, which 
are not easily contaminated. 
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Although the furniture chosen * does 
not completely answer all of the needs 
lor radioisotope work, it comes close 
The top 
of high polish, stainless steel is a factor 


to filling these requirements 
in the choice, since it allows for easy 
The 
units are all metal with a hard, baked-on 
The 
between ad- 
filled up 
with a nonhardening polymer, but this 


decontamination. bases of the 
enamel, providing easy cleaning 
small cracks which exist 


joining units are ordinarily 


Was not advisable since it Was a collector 


of dust, efe. The units were joined by 


special, stainless steel, soft solder (high 

tin content), fluxed with Allen's acid 
For some applications 30-in. high 

benches are preferable to 36 in. ones 


\ good general rule to follow is to 
install the 36-in. units where chemistry 
is to be done or where operations are 
carried on with the researcher standing 
However, when tall apparatus is to be 
used, or when it is necessary to look 
down into the work, 30-in. heights are 


preferable. 


Clothing Storage 


Two small closet-type unitst are 


installed in the monitoring room for 
storage of laboratory gowns and cover- 


alls. This 


venient monitoring procedures 


allows for con- 


Cloth- 
s also kept here. 


location 


ing to be laundered 


The smaller of the two cabinets stores 
such articles as rubber gloves, absorbent 


paper for spills, etc 


Hoods 
It is not possible to purchase from 


commercial sources all of the special 


furniture and laboratory installations 
which must be built into a radioactivity 
Chemical hoods are one 


Hoods 


general categories: (1 


laboratory. 


such item, may fall into two 
the specialized 


type designed for a specific piece of 


Louis, Mo 
Aurora, Il. 
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+ All Steel Equipment Company 
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FIG. 7. 


work, ¢.e., handling of C'* or a micro- 
chemical process (12); and (2) a hood 
intended for general-purpose work. 
Most of the routine work in such a 
laboratory centers about the hood, and 
it requires certain special features. 
It must be easily washed and decon- 
virtually 


which 


should be 
from 


taminated and 
leakproof. The 
it is constructed should be either easily 
enough for 


material 


cleaned or 
entire replacement after extensive con- 
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inexpensive 


23> 


Remote control 
va/ve 


Sink Detail 


Hood detail 


tamination. The blower must be ex- 
tremely reliable. Washdown facilities 
are a necessity, and more elaborate 
baffling than is ordinarily found must 
be provided. The foregoing is a very 
brief enumeration of the basic design 
4, 18). 


commercial 


requirements (9, 13, 

At first, no hood 
available which would fulfill a majority 
of these requirements, and it was neces- 


was 


sary that one be custom designed and 
Two were made,* one to 
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constructed. 


























FIG. 8. 
stallation. 


Utilities necessary for hood in- 
This piping must be inte- 
grated with shielding 





FIG. 9. Method of support for the low 

activity hood. Pipe standard is covered 

with a masonite front for prevention of 
dust accumulation 





FIG. 10. 


Concrete shield also acts as 
base of hood, room V; storage cave in 
base can be seen 


heavy shielding in 
room V, and the other with little shield- 


be positioned on 


ing in room IT. 


Figure 7 shows the working blue- 


prints from which the hoods were 
made. Figure 8 shows the _ piping 
necessary for hood installation. Con- 


struction is of stainless steel throughout 
with a No 
liable to contamination. 
trol provided. f 
positioned on the 


{ satin finish on all surfaces 
Remote con- 
Utilities 
often 
preferable to the design shown here. 


facilities are 


exterior are 


The hoods themselves are built with- 


* Universal Foundry, Detroit, Mich. 
+ Leonard Peterson and Company, 
Chicago, Ill 


Inc., 
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FIG. 11. Partially completed shielding 


for ‘“‘hot’’ hood 


out base or other internal shielding 


provisions. This feature allows for a 
wide range of uses either in low or high- 


work. The hood 


placed on a pipe standard as was done 


activity may be 
in room II, Fig. 9, or upon a concrete 


shield as in room V, shown in Fig. 10. 


Partial construction of this concrete 
block foundation-shield is illustrated 
in Fig. 11. It is so designed that 
standard, solid 8 x 10 l4-in. con- 


crete blocks may be used for a founda- 
The block is 
poured concrete base since single blocks 
after 


tion. preferable to a 


may be removed if necessary 
serious contamination. 


The block foundation can serve as a 
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storage cave to accommodate a small 
lead 
Opening is provided in the base and ts 
fitted, Fig. 10, lend door I'y 
in, thick, equivalent to S in 
of conerete shielding This door 
provides an entrance for a serviceman 
The 


with false masonite, 


safe for aetive materials An 
with a 
roughly 
also 
on Occnusion hood Is covered 
above and below 
needed particularly with a porous, 
conerete block foundation 

Much of the work demands some sort 
of tuble-like surface within the hood 
The design is easily adaptable to the 
addition of a stainless steel, false floor 
over half of the sink, from rim to rim, 
movable from one end of the sink to 
the other 


used within the hoods, it is often neces 


If bulky equipment is to be 


sury to drop a seetion of the sink floor 


Hood Venting 


Each hood should have its individual 


blower and ventilating system, and 


special precautions and inspecting pro 


eedures are required ino setting these 


up. Venting on both hoods was carried 


through the attie and attached there to 
a 1,500) efn Vertical dis 
charge stacks were placed 15 ft apart 
on the highest portion of the building 


blower 


rool The topes ol the stacks, pro, ided 


With spinning caps,f which are shown 
in Fig. 12, are 10 ft 
The itself 


These caps were installed to ensure that 


above the roof 


building is 48 ft high 


there would be an air flow in the hoods 
atalltimes. They turn in the slightest 
breeze, producing it negative pressure 
in the hoods, and maintain a minimum 
of 15 to 20 linear feet per 
flow with hood 

There are 


minute air 


windows one quarter 


open no abrupt turns ot 


bends in the venting, and all joints are 


carefully joined and soldered in such a 


way that no cracks or apertures of any 


1 H.P., 3-phase 
Detroit, Mich 
Ventilator 
Mich 


*Utilitvy Blower, 2,000 cfm 
220-v a-c, American Blower Co 

1 1S-in Type C, Allen Turbine 
Allen Ventilating Equipment, Rochester 
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FIG. 12. Hood stacks, showing method 
of bringing vent through roof 


Where es 


corrosive gases will be vented 


type exist in the system 
tremely 
by the system, a commercially avail 


Since even the best 


non-metallic flue is advisable 

blowers are in 
clined to vibrate and to produce erack 
Ingan near-by fittings if direct couplings 
blower are made 


cloth 


between stack and 


heavy, fle Xihle asbestos eollar 
used on the two connections at 


leak 


a semi-plastic caulking to 


were 


each blower These are made 


proot with 


preserve the flexibility of the collar 
They need periodic monitoring (16 


The 


naintuin 4 


in general 
cliff I 


flues below the blowers 


venturi effeet will, 


negative pressure 
ential within 
Above the blowers some positive pres 
sure may develop, especially in the Cis 
of the stacks equipped with a spinning 
cap 

A second 
interest is the point of passage ol the 


stack through the roof of the building 


connection of particular 


The details may be seen in Fig. 12 
The 


except by the three guy wires 
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joined to the roof 


A small 


stack is not 











Side View 





FIG. 13 Lead safe for isotope storage 
under high-activity hood. Stack is used 
for ventilation through hood 


one it the base of the stack Stopes 
Moisture from entering the atte 
With this type of opening, it is not 
possible for ibration to rupture the 
tach if the pomt where it passes 


through the roof Another desirable 


result effected by this type of venting 


the lack of vibration im the labors 


tories directly below the tostallation 


Phe heavy blowers and motors must 
be mounted to minimize note and 
thration excellent results were ob 


tained with «a floating platform on a 


vinging ispension huang from the 
building rafter and shock mounted 
vith foam rubber and springs. The 
motor ire remotely controlled — by 
witch po itioned near each hood 


Filters for air from the hoods ean be 


elected to engage the specific particu- 


5 





FIG. 14. Hood in operation. Remote 
controls are visible below lead brick 
shield 
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late materiat anticipated Installation 


should be in an easily aecessible region 
v 

When the venting istallation is com 

ple ted sand in Operation then ot wall be 


necessary to setup cheeks (17) on the 


operation of this disposal system, espe 


emily a relatively tall buildings are 


located near the stueks 


Storage 


For the storage of thoderate anoutnt 
lnboratory 


breerperath the 


minaterial, tha 
that the enave 


al Isotopic 


has found 


high-activity hood is satisfactory In 
lurger installation i separate room 
devoted to storage purpose will bn 


A still lead sate on wheels 
rolled 


Reproduction of the 


HeCCOSSUTY 


may be ititen thee tornge cave 


working blueprint 
for the safe is shown im big. 13 Trick 


vidual doors may be used to obviate 


the necessity of exposure to the entire 


quantity of  setive material when 


removing part of it The top of the 


safe requires extra shielding (/ to 


reduce the radiation escaping via the 
unprotected hood sink 

From the shielding table 
pared by ©. ©. Gamertsfelder (19 


DOO tuilleuries 


data pre 


assuming that emitting 


2 Mey 


found that at one meter 


gummas are to be stored, it os 
from the safe 
the minimum amount of concrete shield 
ing is $0 ¢m or TL.Gan. for an operator's 
eight-hour day In room V there are 


eight inches of conerete, plus one inch 
of lead in’ the 


thickness in 


safe, Which gives an 


equivalent excess of the 


required amount 


INSTRUMENTATION 
Custom Units 
Some of the purely medical applica 


tions in this laboratory have necessi- 


tuted the 
suitable for 


construction of a vehicle 


safely transporting the 


sealers and other instruments and 
material to distant rooms 
Lead bricks (20) ol 


and groove design were developed in 
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i special tongue 








FIG. 15. 


Left to Right: Monitoring bench in room III; work area in room V set up 


for dilutions at intermediate activity levels; basic measuring instruments on counting 
room work bench 


these laboratories, because, at the time, 
none were available commercially which 
eliminated simultaneously the faults of 


tipping and radiation leakage. A pro- 


tective wall constructed of ‘these bricks 


is shown in Fig. 14. 
Although 
available, it will be necessary to design 


some are commercially 
and construct special devices (21) for 
remote control work. 


Apparatus 

The scope of the proposed work and 
the budget figures will determine the 
of instrumentation (22). It is 
generally agreed that a minimum 
amount of work in the field demands 
a total budget of about $10,000 a year, 
including salaries of personnel. 

Probably in no other field are there 


extent 


so many applications for special instru- 
mentation, e.g., with 
devices (12) and electronic instruments. 


microchemical 


A minimum selection of the various 
isotope laboratory tools is listed below 
in relative order of importance (23). 

1. Two devices are required for mon- 
itoring purposes 
able instrument reading in milliroent- 


first, an easily port- 


gens per hour and preferably also in 
counts per minute for surveying in all 
parts of the suite of rooms; secondly, 
a counting-rate meter situated in the 
monitoring room, line operated, to check 
all commerce through the laboratory. 

2. Health physics devices are needed 
AEC recommendations specify a film 
badge, two pocket chambers, and finger 
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If loca 
photo 


ring badges for each worker. 
calibrations are to be done, 
graphic laboratory facilities and chargers 
for the chambers are required. 

3. Measuring devices and standards 
are used for detecting source strength 
varying combinations of sealers, G-M 
tubes, ionization chambers, propor- 
tional counters, electrometers and elec- 
troscopes are needed. 

4. Remote control 
tongs, special glassware, shielding, ete., 


tools, including 
are almost always required (24). 

5. Standard laboratory supplies in- 
clude the usual glassware, balances, 
burners, ete., some of which need modi- 
fication for the work. 

Some of the equipment may be con- 
structed by the laboratory; much is 
The Atomic 


Commission* has available 


commercially available. 
Energy 
design blueprints of many special pur- 
pose devices. 

Figure 15 shows equipment in use in 
the monitoring, high-activity and count- 
ing rooms, 


LABORATORY ORGANIZATION 
Steering Groups 


When the 


final stages of completion, it becomes 


laboratory reaches the 
necessary to set up the organization 
(25) which will guide the various sec- 
Suggested advisory 
which have 


activities. 
ruling 


. ’ 
tions 


and bodies been 


*A particularly helpful publication is the 
“Radiation Instrument Catalog,’’ Technical 
Information Branch, AEC, Oak Ridge, Tenn. 
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useful here are made up as 


found 
follows: 


Research Committee 

This committee, with the loeal de- 
partment head as chairman, ranks first 
in importance among the steering 
function as an ex- 


administer the 


committees, Its 
ecutive body is to 
laboratory, rule on proposed work and 
feasibility. 
The chairman may call in as advisors 


determine its worth and 
other department heads or the isotope 


laboratory supervisor. 


Local Tsotope Committee 

The isotope committee is formed, in 
our case, to handle those affairs par- 
related to applica- 


ticularly human 


tions. This group is expressly required 
by the AEC* where human work is to 
be done 


The composition of this body is: 
oe. internal 
medicine 


physician trained in 
\ physician trained in hematology. 
3. An individual experienced in assay 
of radioactive materials and pro- 
tection of personnel against ioniz- 
ing radiation. 
\ qualified physicist and thera- 
peutic radiologist. 
Rules Committee 
The function of this body is to com- 
pile and enforce a comprehensive set 
of rules, designed for a specific labora- 
tory and project. 
Health Physics Group 
This sub-group, functioning with the 
rules committee, is set up to ascertain 
radiation levels and to supervise and 
regard to 


carry out precautions in 


radiation hazards (26). 


Records 
Some paper work is necessary from 
a routine standpoint, and certain 
aspects demand special files and records. 


Price 
Oak 


* Page 30, “Isotopes, Catalog and 
List No. 3,"" (Isotopes Division, AEC, 
Ridge, Tenn., July, 1949). 
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Legal eventualities are especially im- 
portant in health 
physics records of personnel and dis- 


considerations of 


pensation of the radioactive material 
where human treatment is carried on 
The destination and usage of various 
shipments should be and 


certified by the laboratory supervisor 


cataloged 


The monitoring records should be 


certified periodically by a qualified 
person (health physicist) and kept avail- 
able for reference. Dosage data from 
daily chamber, 
weekly film ring meters are entered in 
an orderly fashion and preferably 


recorded on a special form for this pur- 


weekly badge and 


The long-range studies of small 
made if all 


pose. 


exposures can only be 
laboratories, large and small, carry out 
this vital work. 
tistics, this type of radiation exposure 


is one of the unknowns in working with 


Because of poor sta- 


radiation (23). 

Isotope procurement files again de- 
A special form is 
depletion 
The 
supervisor's initials must certify each 
entry on the completed page. 

Highly recommended by the AEC 
Isotopes Division, Advisory Field Serv- 
ice Branch, is a record on radioactive 
Found useful in 


mand certification. 


recommended. Usage and 


columns are especially important. 


waste disposal. our 
record system, it is especially good when 
integrated with the procurement and 
depletion forms. It is mandatory for 


routine well as good 
insurance against litigation. 


Data book entries on calibrations and 


operation as 


on measurement should correspond with 
the values given in these files. 

Blood highly 
mended by the AEC, and these counts 
taken periodically must be part of the 
health physics files. 

Instrument records in some cases are 
useful, especially where a large number 
of units are in use. Logs of operating 
time are useful in anticipating trouble. 

Personnel morale is always a problem 


counts are recom- 








in this work, and is considerably bet- 
tered by close administrative attention 
to health physics 


SPECIAL SERVICES 


Certain maintenance problems are 
unique in this type of laboratory, and a 
system might preferably be set up at the 
onset of operations. It is very impor- 
tant at times that the hoods be continu- 
ously operated. This means periodic 
cheeks and oiling of the blowers and 
spinning caps. Janitor service must be 
supervised to some extent and the in- 
dividuals carefully instructed in thei 
particularly duties 
Monitoring routines must be estab- 


lished, hood venting inspected periodi- 


sink 


checked, and dangerous dust deposit 


cally, traps and disposal lin 
cleaned. 
Laundry service at times can present 


problem and demands special handling 


CONCLUSION 


From a financial standpoint ther 


modeling of a building for radioisotop: 


use may seem at first glance a sound 
thing to do when compared with the in- 
itial cost of a new building. From our 
experience, this seems to be a good rule 
to follow, if the development is small 
However, when the project becomes 
large, it is Wise and economically feas- 
ible to consider construction of a new 


structure. 
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RANDOM SAMPLING (Monte Carlo) TECHNIQUES 
in Neutron Attenuation Problems—! 


Only a slight knowledge of statistics is required to under- 
stand this discussion of a simplified method of making com- 
plex calculations without advanced calculating machines. 


By HERMAN KAHN 


The Rand Corporation 
Santa Monica, California 


By APPLYING random sampling tech- 
niques to the problem of neutron and 
gamma ray attenuation in thick shields, 


leductions about the behavior of a large 


number of neutrons are made from a 
study of comparatively few.t The 
technique is quite analogous to public 


opinion polling of a small sample to 
obtain information concerning the popu- 
ition of the entire country 

Use of random sampling to solve a 
mathematical problem can be charac- 
terized for many applications as follows. 
\ game ot ¢ hance Is plaved in which the 
number 


probability of success P is a 


whose value is desired. If the game is 
played V times with r wins and \ } 
losses, then V is an estimate of P. 


The game of chance to be played may 
be the direct analogy of the physical or 
mathematical problem to be solved, or 
it may have little apparent connection 
with the problem of interest, other than 
that both give the same answer. 


In order to play a game of chance, a 


*Copynght 1949 The Rand Corporation, 
Santa Monica, California 
+t The original suggestion to work neutron 
problems in this way came from J. von Neu- 
mann and 8S. Ulam Although many other 
people have worked in the field, including H 
Bethe, W. DeMarcus, R. Echols, U. Fano, T. EF. 
Harris 4. S. Householder, G. Goertzel, H. 
Metropolis, L. A. Ohlinger, R. D. 


and S. W. W. Shor, there has been 
ilmost nothing published, and much of the gen- 
eral field remains to be explored 
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| aed an 


gambling device such as a roulette 
wheel, dice, or coins must be available. 
The simplest and most practical gam- 
bling device from the viewpoint of the 
computer is a table of random numbers. 
Such 
digits 0 to 9 arranged so that the proba- 
bility that the nth entry is x is 0.1 and 


so that every entry is statistically inde- 


a table usually consists of the 


pendent of the other entries. By using 
this table it 


random equidistributed point on the 


is possible to select a 
line 0 to 1 to any desired degree of 
accuracy by combining the digits in the 
form O.ryz. 

As an example of a simple game whose 
probability of success P is the answer 
to a mathematical problem, consider 
the evaluation of the integral 


1 
J = [ g(xjidx O<cg(x4) <1 ( 
Jo 


by random sampling. The rules of the 
game are as follows: 

1. The numbers w and p are selected 
at random from a population equi- 
distributed in the range 0 to 1 (to as 
many significant places as necessary ). 

2. If w is less than g(p), the game is 
a success; otherwise it is a failure. 


As can be seen from Fig. 1, the 
probability of success is just equal to 
the area under g(p) or J. So an esti- 
N where N is 


trials and r the 
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mate of J is given by 7 


the total number of 











FAILURES 











FIG. 1. 


number of The 


successes. 
error of the estimate* is 


Ja -J 
0.6745 ; 
0745 \ \ 

The technique just described would 
not ordinarily be used in the evaluation 
of a one-dimensional integral, where the 
standard are far 


numerical methods 


superior. The advantages of the sto- 
chastic method become apparent only 
in the evaluation of a multidimensional 
integral. If 
evaluate a one-dimensional integral to 


points are needed to 
a certain degree of error by a stochastic 
technique, it will still take only .V points 
to evaluate a k-dimensional 
the 
problems were done by numerical inte- 


‘‘similar”’ 
integral as accurately. If same 
gration, and if it took n points for the 
one-dimensional integral, then it would 
take about n* points for the k-dimen- 
sional integral (because each one of the 
k axes must be divided into n parts). 
As soon as n* > N, it therefore becomes 
efficient to use random sampling. In 
practice the dividing line seems to be 
about & = 4 or 5. 

the trans- 
thick 


it is possible to calculate the 


In the problem of interest 


mission of particles through 
shields 
probability P for this transmission by a 
series of the form P = 2%_,P,, where 
P, represents the probability that a 
the shield 


Since the caleu- 


particle penetrates with 
exactly n collisions. 
lation of P, involves a multiple inte- 
gration of order at least 3n, it is clear 
binomial 


*Refer to any discussion on the 


distribution. 


probable 


that if the problem is to be treated 
any way that is equivalent to cak 
lating the P, by numerical integrat i: 
random sampling should be consider 


RANDOM SAMPLING — 
AN ANALOG DEVICE 


Ordinarily, the use of random sar 
pling in particle transmission studies 
approached not through the device « 
using the nt 


integrals representing 


scattered beam, but as a statistic 
analog of the actual physical situatio: 
To take a simple problem, there ar 
three ways of finding the probability o 
throwing a seven with a pair of dics 
The 


binations of two dice that total sever 


first is to find the various com 
and add their respective probabilities 
In the neutron problem, this corre 
sponds to the exact calculation of the 
probability of each of the n different 
scattered beams. 

The second (experimental) method is 
to toss pairs of dice a large number of 
times and determine the proportion of 
throws in which sevens appear. 

The third method is to draw a digit 


R from the random number table previ- 


ously described and say that this num- 
ber represents a throw of a die if it is 
a 1, 2.4, 


discarded. 


4, 5, or 6. Otherwise it is 


Thus, drawing any two 
numbers is statistically the same as 
throwing a pair of dice, although a bit 
faster, because it is easier to pick num- 
bers from a table than to throw dice. 


The 


governed by probability laws, although 


behavior of neutrons is also 
in a somewhat more complicated fashion 
than that of dice. 


methods to trace typical life histories 


In using statistical 
of neutrons, it is necessary to pick 
values of a random variable. In gen- 
eral, there is given a probability density 
function f(x) such that f(x)Ar is the 
probability that the random variable 
lies between z and x + Az. 
also given the table of random numbers, 


There is 


To select a 
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R;, described previously. 
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Direction of neutron 
before collision 


N is normal to slab 














Direction of neutron 
ofter collision 





FIG. 2. 


alue of x at random out of the popu- 
ition described by f(z), a random num- 
her is chosen from the table and the 
ollowing equation is solved for z,: 


r 
| f y dy = R; (2) 
, - 


An alternative and sometimes more 
onvenient technique is often used. 
For simplicity, let f(z) be defined only 
n the finite interval from 0 to 1, and let 
Vf be the maximum value of f(z). Two 
andom numbers, R; and R2, are picked 
from the table If Rs < f(Ri)/M, then 
Rk; is the value of z to be used. If 
R, > f(Ri)/ M, Ry, and R, are discarded; 
two more random numbers are picked 
ind the same procedure is repeated. It 
s easy to see that both procedures will 
give a probability that the random 
variable lies between xz and z+ Az 
equal to f(xr)Az. 

A typical problem that might be 
worked by these techniques is the trans- 
mission of neutrons through a plane 
slab infinite in the y and 2z directions 
and of thickness a in the z direction. 
\ beam of neutrons with a prescribed 
listribution in angle and energy is inci- 
lent on the left face, and the problem 
s to calculate what percent penetrates 
the slab. This is done by random 
sampling as follows: 

1. A neutron is chosen at random out 
of the initial distribution of angles and 

* 


energies Its energy is denoted by ao 
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and its angle with the normal to the 
slab by Xo. 

2. The point of first collision, x, is 
chosen from the distribution 


Mort 
Mo ” . 
h(z:) = e cos re 

COS Xo 


where pp is the reciprocal of the total 
mean free path. 

3. The type of nucleus involved in 
the first collision is then chosen at 
random, according to probabilities de- 
termined by the composition of the 
materials and by the cross sections of 
each nucleus. 

4. The type of collision is chosen 
next. If the neutron is absorbed, the 
history is terminated and a new history 
started. If the neutron is scattered, a 
new energy is selected from the appro- 
priate distribution. 

6. If this scattering is inelastic, the 
angle of deviation 6; is picked from the 
angular distribution function for in- 
elastic scatterings. 
elastic, the angle is calculated from the 
change in energy. 

6. A new angle with the normal is 
now calculated, using the spherical 
trigonometry formula 


If the scattering is 


cos A; = cos Ay cos 4; 
+ sin Ay sin 8; cos ¢, 
* The technique used to pick a sample value 
out of a two-dimensional distribution is given 


after Eq. 10, in the section on numerical 
integration. 
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See Fig. 2. The angle gy; is the change 
in azimuth and, if polarization effects 
are unimportant or neglected, is a 


random number uniformly distributed 
from 0 to 24 

These six steps are repeated until the 
absorbed, 


neutron is degraded to a 


negligible energy, reflected, or trans- 


mitted through the slab. If V neutrons 
are traced and r actually get through, 
then an estimate of 7’, the probability of 
transmission, ts 7 \ The probable error 
has the value 0.6745 Y P(1 P)/N, 
and the probable percent error (p.p.c 

has the 67.45 ¥Y (1 P)/PN 

Since P is not known, it is replaced by 
r/N 


Problems of 


value 


in the ealeulation of the error 


this nature and more 
complicated space- and time-dependent 
problems have been carried through by 
the Oak Ridge National 
\. S. Householder, G 
Alamos Scientific Laboratory (S 
N. Metropolis), and the NEPA Project 
(R. Eehols The actual caleulations 
for NEPA have been done at Northrop 
Aircraft, Ine 
L. A. Ohlinger 
Most) of 


been 


Laboratory 
CGoertzel), Los 


Ulam, 


under the supervision of 


these investigations have 


concerned mainly with studving 
the behavior of typical neutrons. For 
this problem, the use of random sam- 
pling as a straightforward analog of the 
actual physical situation is fairly satis- 
factory. The difficulty with using this 
technique for a shielding problem ean 
studving the estimate for 
the P’s of 


values of \ of the order 


be seen by 
the p.p.e. 
(10-* to 10°! 
of 10° to 10 
desired 


For interest 
are required to obtain the 
ACCULACY This is bevond the 
region of practicability , even for a high- 
speed computing machine. 

It is 
the sampling and estimation procedure 


therefore necessary to replace 
defined by the previous six steps by one 
which has the same expected value but 
requires a smaller number of histories to 
make an accurate estimate. The com- 
puter should regard the six steps as 
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defining the mathematical problem 

The lat 
Is to a certain exte 
should be 
total 


not the sampling procedure. 
as will be shown 
and 


arbitrary chosen 


minimize the amount of we 


rather than to be an analog of 


physical situation. 


IMPROVING THE STRAIGHT 
ANALOG 


Four general techniques have be 
proposed to climinate the difficulty 
working with large numbers of histori: 
By means of these techniques or cor 
binations of them, it is possible in mat 
problems to reduce to about 105 ¢) 
number of histories required flora p.p 
of 10&% These techniques are: 

1. The use of 
evaluate integrals representing the first 
third, ete., 
Various tricks that 
this are 


random numbers 


second, scattered bear 


can be used to 
discussed in the seetion  o1 


numerical integration. 


They could also 
be classified under the other techniques 


but are easier to discuss under this 
topie. 

2. Replacement of the physical situ 
ation by a pseudomathematical analog 
with a solution of known relation to the 
original problem but with much large 
values for ?. It is then possible to use 
a reasonably small sample and still get 
an acceptable error 
detail of the 


to penetrate the 


3. A study in greatest 
likely 


amounts 


neutrons most 
shield. This 
pling,* stratified sampling, systemati: 


to quota sam 
sampling, or some combination of thes 


Various particle-splitting techniques 
usually come under this classification 
4. Development of some efficient sta- 
tistical estimation procedure to utilize 
as much of the information in the life 
history as possible, rather than merely 


to count the number of particles that 


*In this report 


“quota sampling” is used to 
describe 


somewhat more general technique 
than would ordinarily be considered under this 
classification As used here, it is sometimes 
ealled “importance sampling.’ 
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poring 





the shield and 


to throw away the rest of the caleulated 


succeed 


penetrating 


nfiormation 
In discussing these techniques, many 


estions will be made When these 


igg 


suggestions are applied in actual com- 
putations, a proper balance should be 


iintained between doing a small num- 
ver of complicated histories and a large 
unber ol simple histories 


Since, however, the error is propor- 


tional to lL) yy oN where NV is the number 
histories, it is usually 


the 


ndepe ndent 


nore eflicient to reduce error by 
mproving the technique, rather than to 
nerease the number of histories Keven 


increases the accuracy by 
factor of 1.4. 1t 


fa technique 


only a may be worth 


ising beenuse 


it cuts down the number 


of histories required for a given error 
bv a tactor of two For this reason, 
t is necessary to discuss techniques 
vhich give only a minor improvement, 


is Well as the important techniques. 


Integration by Random Sampling 


The first technique essentially poses 


the problem of efficiently 


estimating 


multiple dimensional integrals. Since 


this technique is discussed) principally 


for the light it throws on the problems 


involved and not beeause it is actually 


used in practice, the discussion will be 


restricted to single and double integrals 
first 


Consider the evaluation of the 


single integral 
h 
J [ g(x f(rjdaxr 3 
where g(x) is a given function of 2 and 
Ir Is a probability density. This 
means merely that f(r) is positive and 
that [°firjdxr = 1 J is called the 


average or expected value of g(x). It 
that if .\ 
values of x are picked from the distribu- 


ean be shown independent 


tion f(x), J can be estimated by 
N 
‘ : * 
j,i = \ g(x (4 
\ — 
i= 1 
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This is a better estimate than the one 
given in the first part of the report for 
the problem of Eq. 1. However, the 
error now depends on the form of f(r 


For large \, J 
distributed; an estimate of the probable 


and g(r is normally 


error is 


4 
~ 


\ 
1 \ , 
viz, 9 a \ » 
i l 


O.0745 


Mquations* 4 and 5 generalize in obvi- 
ous fashion to multiple integrals 
There Is, however, a better method of 


estimating J It ean be written as 


where f*(2) is an arbitrary proba- 


bility. density function and = g*(a 
g(r i(r) P(r The estimate is now 
Vv 
. IN g(x, fir " 
J: = \ r aa 
N Le f*(xr 
i l 
where the wx, are picked out of the 


distribution f*(r) rather than f(r 


The estimate of the probable error Is 
! N 
] Y gt(xi)f / 
0.6745 -Y fet 7h 
NV? 2, ("2 


It should be 


same as Eq. 4 


the 
that gir Is 


noted that hq 7 Is 
except 
weighted with the factor f(a.) /f*(r 

a 
the probable-error estimate comes out 


is taken equal to gf/J, then 
identically zero. In other words, there 
always exists a best f*(r) for which a 
sample of one gives the exact answer 
However, in order to use this best esti- 
known in 
that 
usually be done is to approximate this 


mate, the answer must be 


advance. In practice all can 
best function by an f*(x 
the 


taking advantage of preliminary caleu- 


arrived at by 
use of physical intuition, or by 


lations. Considerations relevant to the 


* Equations’ 


is used here as a generic term. 
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FIG. 3. 


choice of an approximate f*(x) will be 
discussed in the second part of this 
article in the section on quota sampling. 

However, some diagrams may make 
things clearer at this point. In Fig. 
3(a) is shown a typical f(x) and g(x) 
with which no trouble would be ex- 
pected. An estimate of the sort illus- 
trated in Eq. 4 would be satisfactory. 
Fig. 3(b) is a case where an estimate as 
In this 
case f(x) is such that most of the values 


in Eq. 7 would be necessary. 


of x sampled lie close to one, while the 
important values of x {because of the 
peak of g(x)| lie close to zero. 

If the optimum transformation is 
made, then, as far as the sampling is 
concerned, Fig. 3(b) is turned into 
Fig. 3(c), the ideal sampling situation. 
However, if a less efficient transforma- 
tion is made, and there is still a spike 
in the graph of g*(x) after the trans- 
formation, it may occur that f*(z) still 
is such that only comparatively rarely 
do we get a value of z in the region of 
the spike of g*(z). In that case (unless 
a large sample is taken) most of the 
time we will get an underestimate of the 
integral and only very occasionally an 
overestimate. Since underestimates of 
the value of the integral are usually 
associated with underestimates of the 
probable error and vice versa, the com- 
puter will be in danger of accepting the 
former but not the latter. There is a 
further discussion of this point at the 
end of Part II of this article. 

Another technique that is often effi- 
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cient is to combine numerical or ana- 
lvtical integration with random sam- 
pling. For example, one estimate of 


a x 
I - | [ g(x,y f(x,y)dxdy 
x a x 


Is 


 - = V JiLiYi (Ss 


cA 


i=1 
where the x; and y; are picked at 
random from the distribution f(z,y). 
Another estimate which uses a combi- 
nation of random sampling and ana- 
lytical integration and has a smaller 
error than Eq. 8 is 


N 

I, = y by [- g(xiwfe(ydy (9) 
N 4, J-e« 

i=1 
where f.(y), defined as the conditional 
distribution of y with respect to z, is 
equal to f(z,y)/f(x). f(x) is called the 
marginal distribution of z and is defined 
as {* f(z,y)dy. The conditional dis- 
tribution f(y) is the probability density 
function for y when z has been fixed, 
and the marginal distribution f(z) is the 
probability density function of z for any 
value of y. The z; in the second esti- 
mate for J are picked out of the mar- 

ginal distribution. 

In general, this method is useful only 
when it is very easy to calculate 
f2..g(xi,y)fz,(y)dy. That part of the 
integration which is hard to do (with 
respect to zx) is still done randomly. 
This is an instance of the general rule 
that there is of course no advantage in 
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estimating by random sampling that 
which can be done easily by an exact 
method. Like many rules, this is not 
always true, but it is always worth 
while to consider combining exact and 
random techniques when the error is 
reduced more than the labor is increased. 
These considerations are relevant to 
the neutron problem because a division 
into difficult and easy parts can be 
For example, roughly speaking, 
characteristics like absorption or the 
first and last collisions can be done 
exactly, and the rest of the life history 
These things will be dis- 
cussed in somewhat more detail in the 
section on the fourth technique. 


made. 


sampled. 


It is possible to achieve a sort of 
compromise between the estimates in 
Eqs. 8 and 9 by picking several values 
say M;) of y at random for every Zi. 
The estimate for J is then 


N My 
as s% 
I; = ES \ - y g(2i,Yi;) (10) 
N M: 4, 


t=1 j=l 
where yi; is picked at random from the 
conditional distribution f.,(y), and, as 
before, the z; are picked from the 
marginal distribution of xz. [Separating 


f(x,y) into f(x)fz(y) and then picking 


first z and then y in the manner de- 
scribed above, is a standard method for 
choosing a two-dimensional point at 
random and can easily be generalized 
to n dimensions. } 

Estimates of the type illustrated by 
Eq. 10 are useful if more of the error is 
due to variations in the y space rather 
than in the z space. In some problems 
it is more work to calculate the angle 

‘d energy history than the spatial 

i cory, but most of the error seems to 
introduced by the latter. To com- 
pensate this, it might be advisable to 
calculate several spatial histories for a 
single angle or energy history, and to 
use the estimate corresponding to 
Eq. 10. In general, this last method is 
used to calculate certain types of 
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histories in more detail than others. 
Any of the splitting processes is an 
example of this method. 


The Exponential Transformation 

Only one example of the second 
(mathematical analog) technique will 
be given. Assume a plane slab with a 
linear absorption coefficient ula). <A 
pseudoproblem can be set up with a new 
linear absorption coefficient f(a) = 
[u(a) — c cos Al, in which, as is shown 
below, the probability of transmission 
P is e** times P, the actual probability of 
transmission. Since the percent error 
goes roughly as 1/7 P = e-<#/2/y P, 
this transformation reduces the percent 
error by a factor of the order of e°¢/?. 

The pseudoproblem is set up as fol- 
lows. The function W(z,a,\), which 
gives the average number of neutrons 
per unit volume, per unit energy, per 
unit solid angle at the point z, is first 
defined. It is well known that this 
function can be obtained by solving the 
following (transport) equation 


cos sd + py = lf k(a’,d’,a,d)o(a’) 
ad ¥(z,a’,d’) sin \’d\'da’—s (11) 
v(a@) 
and that the probability of transmission 
is 
P = SfW(a,a,X)v(a@) cos » 
sin AdadX (12) 
Here, v(q@) is the velocity of the neutron; 
k(a’,d’,a,X) is a function that, essen- 
tially, gives the probability that a 
neutron with energy a’ and angle X’ 
scatters to energy a and angle A; o(@) 
is the reciprocal of the scattering mean 
free path; and o(a@)/u(a@) is the proba- 
bility of survival of a neutron after it 
has had a collision. 
The substitution 
Y(x,a,X) = e**(x,a,d) 
is made where c is an arbitrary constant 
less than the minimum value of pu(a@). 
If substituted into the transport equa- 
(Continued on page 37) 
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Fire Protection Precautions for 
URANIUM SCRAP AND POWDER 


Fire properties of uranium scrap are discussed with emphasis on its pyro- 
phoricity. Here are safe procedures for storage, handling, disposal, and 


shipment. 


ICC rules for common-carrier shipment are reviewed and the ef - 


fect of various extinguishing agents on burning uranium scrap is evaluated. 


By Edward J. Kehoe, Francis L. Brannigan, and Merril Eisenbud 


Health and Safety Division, New York Operations Office 
United States Atomic Energy Commission 


URANIUM METAL is pyrophoric which means that in finely divided form it may 


ignite spontaneously on contact with a 


Although possible with either dry 


or moist uranium powder, such a reaction occurs more readily with the 


powder in a moist state at slightly elevated temperatures. 
powder can be ignited also by rough handling. 


Dried uranium 
Uranium turnings and chips 


are easily ignited by an outside source of ignition. 
The term ‘uranium scrap”’ is used in this paper to include uranium turnings, 


chips, borings, sawdust and powder. 


Such miscellaneous scrap may include 


material of all sizes from dust to turnings and contain oil, water, and such 


foreign matter as floor scrapings, organic waste, etc. 
£ £ 


Storage 
The 


storage should be kept to a minimum. 
Protection is increased through isola- 
tion and separation of the material on 
Fire-resistive 


amount of uranium scrap in 


hand into small batches. 
storage facilities are recommended. 

The temperature of a mass of burn- 
ing uranium approaches 2300° F; ac- 
cordingly, it is necessary to isolate 
uranium storage from other combustible 
materials. 

Scrap may be stored under a mineral 
oil or under water. However, in the 
case of the water, provision must be 
made for the safe of the 
resultant hydrogen gas since the scrap 
slowly oxidizes in contact with water 
hydrogen. 


ventilation 


and releases free Conse- 
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quently, storage under a mineral oil is 
generally preferable to storage under 
water. 

The storage of scrap only partially 
submerged in oil or water is dangerous. 
Ignition is very apt to occur at the 
liquid line. The reaction is particu- 
larly severe in the case of water since 
the water boils off through the mass of 
burning metal with the liberation of 
large hydrogen. (Re- 
member that hydrogen has an unusually 


quantities of 


wide explosive range, 4% to 75%. In 
one such fire involving an insufficiency 
of water, holes were burned through a 
metal drum by the fire and hydrogen 
flames several feet long shot out in addi- 
tion to flames ten feet high from the top 
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If the liquid is oil, it too 


of the drum 


will probably ignite and add to the fire. 
By all 
water-moist scrap exposed to the air. 


means, avoid leaving oil- or 

When scrap is not stored properly, 
is for example when it is only partially 
eovered with oil or water, incipient 
spontaneous ignition can usually be de- 
tected by the fact that the container 
heated; 


marked increase in temperature which 


becomes there is usually a 
ean be detected by the hand for some 
time prior to ignition. 

Automatic sprinkler systems provide 
uranium 


satisfactory protection for 


Laboratory Handling . . 


uranium 
of heat or spark should 
It is advisable to handle 
the material wet or 


In handling scrap, every 
possible source 
be eliminated 

under an argon 
itmosphere. Specially constructed ex- 
plosion-safe argon dry boxes have been 
found very satisfactory where extremely 
Actu- 


forms of 


pyrophoric forms are involved. 


illy, extremely pyrophoric 


uranium powder may burn so rapidly 


Disposal of Scrap . . . 


Uranium scrap may be disposed of by 
controlled oxidation, by safe shipping 
to a recovery facility, or by conversion 
to a compact form to reduce the expo- 
sure toair. Specifically, these methods 
include the following: 
Wet burning 
Dry burning 
Shipment under oil 
Nitric acid oxidation 
Degreasing, briquetting and 
vacuum casting 

Shipment under argon 

Each is briefly described below. 

Wet burning. 


special equipment in 


This method requires 
which uranium 
scrap is oxidized under water by means 
Hydrogen is liberated. 


of steam jets. 
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turnings, chips, and borings and for the 
small quantities of sawdust or powder 
machine 
While hydrogen is 


generally encountered in a 
shop or laboratory. 
evolved from the water, it burns off 
readily under control and the sprinklers 
prevent the extension of the fire. In 
the unusual cases where extremely large 
quantities of uranium dust or powder 
may be involved, an inerting system, 
which utilizes a gas that is non-reactive 
with uranium (argon, for instance), may 
be in order. 

(See the section on Fire Control for a 


discussion of fire extinguishers 


as to have the effect of an explosion. 
If, for some reason, ordinary labora- 
tory glassware is used in lieu of such a 
dry box, safety glass screens and face 


ah 
rhe 


shields are minimum protection. 


work area should be kept clean of 
flammable liquids and other materials 
that might cause fires which would 


spread to the uranium. Quantities ex- 


posed should be kept to a minimum, 


The process is carried out at the boiling 
point of water. An advantage of this 
method is that atmospheric contamina- 
tion is reduced to a minimum. This 
method is desirable only at locations 
where fairly large quantities of material 
must be disposed of on a recurring 
basis. 

Dry burning. The most expeditious 
and least expensive method for the dis- 
posal of uranium scraps by conversion 
to oxide is by direct dry burning in air. 

For a quantity not exceeding five 
pounds, the scrap may be spread out on 
a steel plate in an open area and burned 
to oxide by the flame of an oxyacetylene 
torch. The worker should be protected 
by a welder’s face shield and a metal 
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fume respirator. The scrap should be 
raked to insure that all the metal goes 
to oxide. 

Where larger quantities are involved, 
a steel cased incinerator with heavy 
steel flooring is necessary. It should 
be equipped with a continuous source of 
combustion to maintain a satisfactory 
rate of combustion, a rake to permit 
turning over the material at frequent 
intervals, an exhaust system to a suita- 
ble flue, and dust collection apparatus 
that will withstand hot gases and pos- 
sible incandescent particles. A muffle 
furnace has been used successfully with 
very low loss. 

Shipment under oil. In the event 
that it is impossible to dispose of 
uranium scrap by oxidation, the scrap 
may be shipped under a mineral oil; 
however, this method should be avoided 
if at all possible. 

Nitric acid oxidation. Small quanti- 
ties of uranium scrap can be oxidized to 
uranyl nitrate with nitric acid. The 
reaction should be performed in a well 
ventilated hood and in a container suffi- 


Fire Control . . . 


The best fire protection for uranium 
scrap is provided by keeping quantities 
small and separated, by segregating the 
scrap from other flammable materials 
and by handling and storing uranium in 
locations where a fire can burn out. 

Fires in machining operations can be 
avoided by prompt removal of scrap 
out of the region where glowing turnings 
fall. Formation of a heavy oxide layer 
will extinguish the combustion of an 
isolated metal turning. If a small fire 
occurs, it can be extinguished by a 
gallon or so of the coolant; for this pur- 
pose an open top can of the coolant 
should be kept at hand. 

G-1 powder (a commercial prepara- 
tion with a graphite base), graphite 
chips, powdered tale or dry sand are 
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ciently large to prevent boil-over. Th 
vent is important because of the high! 
toxic nitric oxide fumes and hydrogs 
evolution. 

Degreasing, briquetting and vacuum 
casting. This method requires exten 
sive equipment and involves the com 
plete degreasing of the material, r 
moval of impurities and briquetting at 
pressures of 15,000 to 20,000 psi. It is 
practical only for the disposition of 
large quantities of material on a pro- 
duction basis. Actually, it is con- 
cerned with converting the scrap to a 
readily usable form rather than witl 
simply converting it to oxide for 
disposal 

Shipment under argon. 
cases, it may be necessary to ship fine 
uranium powder as such without con- 
version to oxide. Under such circum- 
stances, it is possible to ship small 
quantities of the powder under an 
atmosphere of argon and at dry ice tem- 
perature. Such shipments, if made, 
should be by courier rather than by 
common carrier. 


In unusual 


useful in uranium scrap fires for con- 
trolling radiant heat, spatters and fumes. 
A supply of at least one of these agents 
should be available at all locations 
where uranium scrap is handled. 
Ordinary fire extinguishers are not 
suitable. Uranium powder can burn in 
an atmosphere of carbon dioxide (which 
eliminates CO; extinguishers) and reacts 
to nitride in an atmosphere of nitrogen. 
The reaction with carbon dioxide also 
precludes dry-chemical extinguishers 
since they depend on the heat of the fire 
to liberate CO, from the breakdown of 
the bicarbonate of soda. Carbon tetra- 
chloride extinguishers should not be 
used because of the undesirability of 
releasing carbon tetrachloride fumes in 
a confined space and because the hot 
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metal present may possibly cause de- 
composition of the carbon tetrachloride. 
Soda-acid and foam extinguishers are 
not recommended since they may cause 
scattering of the burning material and 
it best require extremely skillful han- 
dling to have any beneficial effect on 
burning uranium. Hose streams should 
be avoided. However, as mentioned in 
the section on Storage, automatic sprin- 
klers are satisfactory if an extremely 
large quantity of powdered uranium is 


ICC Regulations . . . 


The Interstate Commerce Commis- 
sion regulations concerning radiation 
are found in Supplement 18 to Freight 
Tariff #4, Sections 366-369. (Shippers 
are referred to the appropriate freight 
tariff, Civil Aeronautics Authority or 
Postal Regulations for exact packaging 
and labeling information on radioactive 
materials 

The limitation on the amount of 
uranium permitted to be shipped by 
express in one package is set at that 
amount disintegrating at the rate of 
10'! atoms per second, which would be 
approximately 17,000 pounds. This 
limitation is obviously of little signifi- 
cance with respect to the weight of 


not involved; this would by no means 
constitute the usual situation. 
Inhalation of the fumes from burning 
uranium metal should be avoided. If 
the burning occurs under controlled con- 
ditions, such as the burning of a small 
quantity in a laboratory, the hoods ordi- 
narily used in handling the uranium will 
provide sufficient ventilation. How- 
ever, if the burning does not take place 
under controlled conditions, approved 
breathing apparatus should be worn. 


uranium metal in express shipments. 
The minimum amount requiring label- 
ing is set at that amount disintegrating 
at the rate of 50 x 10° atoms per 
second, which would be approximately 
8.5 pounds. 

While the regulations of the Inter- 
state Commerce Commission are not 
presently directed towards the pyro- 
phoric properties of uranium scrap, the 
general regulations require the shipper 
of dangerous articles to describe, pack 
and mark his packages properly and in- 
form the carrier’s agent of the character 
of their contents. Shipments of scrap 
under oil should be made by courier 
rather than by mail or common carrier. 





Random Sampling Techniques (Continued from p. 33) 





tion, an equation for ¥ is obtained 


oy , 
cos A =~ + (u —ccos Av 
OL 


=. 
= [{= sin \’dd'dd’ (18) 


Equation 13 corresponds to a problem 
with a Z = uw —ccos A and a survival 
factor of a(a)/[u(a) — ccos AJ. If the 
survival factor turns out to be greater 
than one, it corresponds to a fission. 
It is not necessary, however, to let 
the neutron take a chance of dying 
lif o/(u —ccos A) <1] or splitting 
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lif ¢/(u — ec cos A) > 1], but this quan- 
tity can be carried along as a weighting 
factor. 

The probability for transmission P in 
the pseudoproblem is given by 
P = ffP(a,a,d)v(@) cos d sin AdAda 
ef fyw cos X sin AdAda 
= Pes (14) 


* 7 . 


In the second part of this article, quota 
sampling, parametric studies, splitting, 
statistical estimation, and the reliability 
of the various methods will be discussed. 
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PILE NEUTRON RESEARCH TECHNIQUES—II° 


All but one of five reactors in operation in the U. S. are 
of the thermal type, making available experimentally valuable 
thermal neutrons. Techniques and apparatus for use both 
inside and outside the pile are detailed in this article. 


By D. J. HUGHES+ 


Brookhaven National Laboratory 
Upton, New York 


THE FIRST MEASUREMENTS made with 
chain-reacting piles utilized the high 
intensities of thermal neutrons available 
with the pile. Although the techniques 
discussed in the first part of this article 
(NU, Feb. ’50, p. 5) have made meas- 
urements possible at higher energies, 
it is still true that the majority of the 
experiments with piles involve thermal 
neutrons. In the few years that chain- 
reacting piles have been available for 
research purposes, a great variety of 
techniques and instruments has been 
developed to utilize thermal neutrons. 

A natural division of the methods 
used is again based on location, that 
is, Whether the neutrons are used inside 
the lattice where one has the advantage 
of intensity, or outside the pile where 
the advantage is the collimation avail- 
able with beams of thermal neutrons. 


Thermal Neutrons Inside Pile 

The average substance irradiated in- 
side the pile will be activated mainly 
by thermal neutrons because of the 
high values of thermal neutron cross 
sections. Thus the whole field’ of 
activation of radioisotopes for experi- 
mental use falls in the present category. 


* Prepared under the auspices of the Com- 
mittee on Nuclear Science of the National Re- 
search Council as a preliminary report of the 
Subcommittee on Instruments and Techniques. 

+ Part of this paper was written while the 
author was at Argonne National Laboratory, 
Chicago, Illinois. 
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In addition, however, thermal neutrons 
inside the pile can be used directly for 
many measurements. 

Neutron activation. Calculation 
shows that one mole of a substance, 
with an activation cross section of one 
barn, when placed inside a pile with 
a flux of 10'? and irradiated to satura- 
tion, will have an activity of 18 curies 
after removal from the pile (see equa- 
tion in next section). This fact illus- 
trates the great importance of the avail- 
able experimental piles for production 
of radioactive materials for experi- 
mental use. 

Radioisotopes, of course, exhibit a 
tremendous range in half-lives, from 
values exceeding millions of years down 
to less than microseconds, and the 
methods of production and use vary 
accordingly. Those isotopes of long 
half-life are simply bought from the 
Isotopes Division of the Atomic En- 
ergy Commission at Oak Ridge (34, 37, 
38). The isotopes of intermediate 
half-life have been made extensively in 
the piles at Oak Ridge and Argonne for 
shipment to nearby research centers. 
Half-lives as short as several hours 
have been handled in this way. 

Shorter-lived activities must be stud- 
ied at the laboratory where the pile is 


t Note that references 1-33 appeared in part 
one of this article, and that reference numbers 
in this part begin with 34. 
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located; those of extremely short lives rapidly changing counting rate, as well 
must be studied directly at the pile as timing signals, were recorded on 


itself. The research piles are all — electrocardiograph tape, a section of 
equipped with pneumatic transfer de- which is shown in Fig. 8. Recently 
vices Which can remove samples from (36) an extremely high-speed rabbit, 
the pile in times of the order of seconds. which enables removal of a small 


In measurements of the delayed neutron sample from the pile in 0.1 sec, has 
activities, Hughes, Dabbs, Cahn and — been installed at the Oak Ridge pile. 
Hall (35) used a rapid transfer device Activation cross sections. Activa- 
called a “rabbit” which could move a _— tion cross sections for thermal neutrons 





iranium sample from a position at the can be measured inside the pile in 
edge of the pile lattice to a well-shielded = much the same way as that described 
neutron counter in 0.4 see. The — in the first part of this article for reso- 
apparatus is shown in Fig. 7,* and the nance neutrons. The effect of reso- 


nance neutrons can be eliminated 
* Figures 1-6 appeared in part one of this 


ethan: Fie. 7 to the Beet Hheateation ta Ghls onnt simply by activation with and without 


a cadmium shield) surrounding the 
sample and determination of the dif- 
ference, the ‘cadmium difference,” 





which is proportional to the activation 
of thermal neutrons alone. If the flux 
in the pile is known and if the activated 
material is counted on a calibrated (39) 
Geiger-Miiller counter (so that the 
disintegration rate can be obtained 
from counting rate), the activation 





: cross section can be calculated simply: 
a BF; fer hela C = NnvOrcct 











In this expression C is the disintegra- 
FIG. 7. Schematic diagram of the pneu- 
matic transfer device, or ‘“‘rabbit,’’ for 
short irradiations. Sampleis blownfrom nuclei, when irradiated to saturation. 


tion rate of the sample, containing N 























n a position near the pile lattice to a counter : ‘ aad — in. 
in 0.4 sec. Photocells are used to deter- Both the flux and the counter calibra 
mine time at which sample left the pile tion can be obtained by absolute 
y 
gy 
e 
e 
n 
I Y 
Each switch-over in this section of the tope Pressure | Sample Vacuum 
represents 256 counts on the BF counter valve posses valve 
s opens hotocel/ 
Sample passes photoce/l/ No./ ¥ -p = 2 aoa 
: Sample passes photocell No.2 Vacuum valve Sample pesses 
closes photocell No/ 
FIG. 8. Electrocardiograph tape showing the timing signals and initial portion of the 
P decay curve of a short-lived activity produced in the rabbit (Fig. 7). Vertical lines 
. each represent 0.04 sec. The signal when the pressure valve closes is lost among the : 
counter signals 
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measurements (see “neutron standard- 


ization” next month), but in prac- 
tice it turns out to be much simpler to 
measure the activation cross sections 


relative to some standard material. 
The use of relative measurements makes 
it unnecessary, in general, to take into 
account the wide energy spread present 
in the thermal flux. (Both 
standard and will usually 
possess the same variation of cross 
section with velocity.) 

The standard material, such as gold, 
is one that has an absorption cross sec- 


neutron 
sample 


tion much greater than its scattering 
cross section, so that the former can 
be inferred accurately from a _ trans- 
mission measurement. The transmis- 
sion measurement, made with a neutron 
beam, gives the total cross section quite 
accurately. Absorption is obtained by 
subtraction of the scattering cross sec- 
tion. The standard, as well as the 


unknown, must have a known decay 
scheme so that no uncertainty will exist 
in the conversion from counting rate to 
disintegration rate. 

A detailed series of activation meas- 
urements carried out by Seren, 
Friedlander and Turkel (40) at Ar- 
gonne. This series began shortly after 
the first graphite pile was put in opera- 
tion. At first, cross sections were 
‘alculated from absolute flux and 
counter calibration in the manner just 
described. Later, they were converted 
to relative measurements in terms of 
standards of rhodium and gold, whose 
total cross sections had been measured 
by Fermi by means of transmission. 
When the higher flux of the Argonne 
heavy-water pile became available, it 
was possible to activate materials in 
the thermal column and thus determine 
thermal activation cross sections with- 
out taking cadmium differences. 

If the activation cross section for a 
particular isotope is known, the ac- 
tivity resulting from irradiation in the 
pile can be used to determine the 


40 


was 


amount of that isotope present in a 
The half-lift 
of the isotope is used to separate its 
activation from that of other constit 
This method o} 
‘activation analysis” has been treated 
at length in an article by Boyd (41), 
who describes its use in the analysis of 


sample. characteristic 


uents of the sample. 


metals and alloys. In certain favorable 
cases one part per billion of impurity 
may Brown and Gold- 
berg (42) have used activation analysis 


be detected. 


to determine the gallium and rhenium 
content of meteorites, and 
and Dunn (43) have analyzed biological 
tissue by the same method. 

Absorption cross sections. A method 
of measuring the thermal absorption 


Tobias 


cross section (7.e., cross section for all 
absorption processes whether activation 
results or not) by the effect on pile 
reactivity was developed quite early 
(44) because of the importance of this 
method for the determination of the 
purity of such materials as graphite. 
The absorption is measured by placing 
a sample inside the pile and determining 
the resultant effect on the pile reac- 
tivity, which is measured in units of 
‘“inhours.”’ One inhour is that amount 
of reactivity which will cause a pile’s 
power level to rise exponentially with 
a period of one hour. One inhour of 
reactivity corresponds to a reproduction 
constant, the k described in the first 
part of this article, only 400% greater 
than unity.* 

In principle, the measurement is 
made by setting *& for the pile at ex- 
actly unity (7.e., pile power constant) 
with the control rod, placing the ab- 
sorbing material inside the pile, then 
removing enough control rod to obtain 
a unit k again. The change in reac- 
tivity of the pile can then be read from 
the calibrated control rod. 


* The relationship of the pile period to the 
reactivity, which is determined by the prop- 
erties of the delayed neutrons, is discussed in 
reference 35. 
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Actually, 
reactivity is determined from the rate 
the pile drifts upward or 


however, the change in 
at which 
downward in intensity when k is very 
near unity. The conversion from in- 
effect to centimeters of 
absorption could in principle be calcu- 
lated from the constants of the pile, 


hour square 


but, as usual, the comparison constant 
is determined from a standard material, 
in this case boron, whose absorption 
cross section is already known from 
transmission measurements. If the 
unknown is a 1/v absorber, as is boron, 
(usually 
given for 2,200 m/sec) is independent 


the resulting cross section 
of neutron velocity distribution in the 
If not 1/v, a correction, usually 
made for resonance 
see part one of this article). 
The method just described came to 
as the ‘‘danger coefficient”’ 
method of measuring absorption cross 


pile. 
small, must be 


absorption 
he known 


sections because of the obvious danger 
of neutron-absorbing impurities in pile 
materials. More recently, the danger 
coefficient method has been replaced 
to a large extent by the “oscillator” 
method of measuring absorption cross 
The oscillator method, which 
is used both at Argonne (45) and Oak 
Ridge (46), consists of pushing a 
sample into the pile at regular intervals 
and observing the cyclic variation in 
pile intensity (See Fig. 3 of part one 
of this article). The amplitude of the 
intensity variation is proportional to 
the neutron absorption of the sample. 
\bsolute values are obtained by com- 


sections. 


parison with boron. 

The oscillator method is somewhat 
than the reactivity 
about 107% square centimeters 
of absorption cross section (correspond- 
ing to a cross section of about 0.0016 
barns for a one mole sample) can be 
detected. The oscillator method, how- 
has entailed more difficulty in 


more sensitive 


method 


ever, 
disentangling effects caused by true 
from several ex- 


neutron absorption 
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effects with 
scattering. 
effects 


materials 


having to do 
The 


become 


traneous 
neutron interfering 
scattering 

only when 


important 
with scattering 
cross section many times greater than 
absorption are measured. 

At the present time the absorption 
cross sections of those elements which 
can be obtained in very pure form are 
known (47) to 
cases. The main difficulty with the 
others (except where scattering is much 


within 5% in most 


larger than absorption) is the presence 
of impurities, rather than uncertainties 
in the cross-section measurement tech- 
nique. Except for which 
have no isotopes, it is difficult to com- 


elements 


pare absorption cross sections, meas- 
ured for the normal element, with 
activation cross sections, which refer 
to specific isotopes of the element. 
Recently, however, the amounts of 
separated isotopes available have be- 
come large enough (of the order of 0.1 
gm) to make isotopic absorption meas- 
few separated 
isotopes have been measured with the 
Oak Ridge oscillator (48). 
obtained so far check the activation 


urements possible. <A 
The results 
cross sections reasonably well. A com- 
parison of isotopic activation and ab- 
sorption will help to uncover nuclear 
states caused by absorption and un- 
known by activation, such as isomers 
whose half-lives are long enough to 
have escaped detection. 


Thermal Neutrons Outside Pile Lattice 

Neutrons which emerge from the pile 
lattice through the thermal column 
attain a Maxwell velocity distribution 
in the column and are available for 
use either inside the thermal column 
itself, or as neutron beams emerging 
from the Irradiation inside 
the thermal column possesses no out- 
standing advantage over thermal irra- 
diation in the pile because pile irradia- 
tion is of much higher intensity and the 
effect of thermal neutrons can be iso- 
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column. 








Vertical Measurement 
OAverage of three + 
)" graphite pedesto 


i 


Without endpoint 
correction 


NO 


Top of pile 
0 ) 20 30 40 #50 & 
Distance from pedestal (cm) 


FIG. 9. Neutron distribution in the ver- 
tical direction in a block of material in 
which neutrons are diffusing upward 


lated by measuring the cadmium 

difference. 
Neutrons from 

are used mainly as they emerge from 


In this way they have 


the thermal column 


the column. 
been used for hundreds of experiments 
which host of 


The neutrons can be allowed to diffuse 


cover a applications. 
in an uncollimated manner from the 
face of the into a 
medium for diffusion studies, or can be 


thermal column 
formed into a roughly collimated beam 
by means of a hole opened part way 
into the column (see Fig. 1 of part one). 
By either method a flux of extremely 
well thermalized neutrons of magnitude 
10’ is available. It is this fact 
has made the thermal column 


about 
which 
of such extreme value for neutron 
research. 

Additional collimation, in the form 
of narrow slits in cadmium sheets, can 
produce beams of such small divergence 
that diffraction and 
of neutrons can be accurately measured. 


mirror reflection 


The principal techniques which have 


been developed for the use of the 


thermal column are described in the 


following pages, although no effort has 
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been made to cover all the specif 
experiments which have been performe: 
at thermal The 
of the exact velocity distribution an 


present in the 


columns. question: 
number of neutrons 
column will be discussed later in the 
section on standardization. 

Diffusion measurements. Neutrons 
move through the thermal column by 
diffusion. If a block of low-absorption 
material is placed against the surface 
of the column, the neutrons will diffuse 
The 


neutron intensity will decrease expo- 


through it in the same manner. 


nentially with distance in the block 
if it is sufficiently long (several relaxa- 
tion lengths). The ‘‘diffusion length,”’ 
L, for the material of the block 
sumed to be of square cross section with 


(as- 


side a) will be given by 

aa. 2x? 

LL?) 2? at 
where /, the “relaxation length,’’ is 
the measured distance along the length 
of the block for the neutron intensity 
to decrease by the factor e. In the 
direction perpendicular to the length 
of the block, the neutron intensity will 
follow a cosine distribution (for a block 
of square cross section), which extra- 
polates to zero slightly beyond the side 
face of the block (by an amount called 
the ‘‘augmentation distance’’) because 
of the finite neutron leakage from the 
faces of the block. The quantity a 
in the formula is actually the geo- 
metrical size of the block increased by 
twice the augmentation distance. 

The neutron distributions are meas- 
ured by small foils, such as indium, 
which are placed inside the block, 
activated, and then counted with a 
Geiger counter. Distributions meas- 
ured in this way in a diffusing material 
are shown in Fig. 9 for the vertical 
direction (lengthwise) and in Fig. 10 
for the horizontal. The point nearest 
the top of the block in Fig. 9 falls 
below the exponential curve because of 
neutron leakage, (this effect being com- 
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Horizontal Traverse 
O Average of three runs 
1016 cm above 20" 
graphite pedestal 


/Min 
> 
& 


Distance from center (cm) 


FIG. 10. Horizontal neutron distribu- 

tion for the block of Fig. 9. Block is of 

square cross section, so the flux follows 

a cosine curve extending slightly be- 
yond the edge of block 


pensated by an ‘end correction”’ 
The augmentation distance is clearly 
seen in Fig. 10. 

The diffusion length L is related (49) 
to the average scattering and absorp- 
tion cross sections of the material in the 
following way: 

| 
3N%e,0.(1 


where N is the number of nuclei per 


cos @) 
and o, are the 


cubie centimeter, ¢, 


absorption and scattering cross sec- 
tions, and cos @ is the average cosine of 
which the neutron is 
The average 
cosine is about zero for heavy nuclei 
(cos @ = 2/(3A), 

This formula is valid only 
smaller than o,, a 


condition always satisfied in diffusion 


the angle, 6, by 
deviated when scattered. 
where A is atomic 
weight 
when o,2 is much 
measurements 

A measurement of the diffusion length 
in a material is usually a determination 
of the absorption cross section, because 
the scattering 
from 


cross section can be 


determined a total cross-section 
measurement when the absorption is 
very small. For such materials of 
small absorption it would be difficult 


to measure the absorption by other 
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methods, such as the pile oscillator, 
because of the interfering effect of 
scattering. 

Measurements of the diffusion length 
in graphite were quite important as 
tests for the presence of small amounts 
of absorbing impurities in connection 
with the construction of the graphite 
piles. The method is still quite valu- 
able for similar low-absorption materials. 

Irradiation with thermal beams. 
When it is desired to study some effect 
which follows neutron absorption in 
an extremely short time, the method 
of irradiation in a beam of thermal 
neutrons is often the only method avail- 
able. Examples of such phenomena are 
extremely short-lived radioactivities or 
the more short-lived ‘“‘instantaneous”’ 


emissions such as protons, neutrons, 
fission fragments, and capture gamma- 
rays. Radioactivities with periods less 
than 0.1 see cannot be studied with the 
rapid-transfer ‘rabbit’? and must be 
measured without large movements of 
the sample. 
One method 


only slightly is that of the rotating 


which has been used 
wheel containing the sample on_ its 
The rotation of the wheel 


carries the irradiated material through 


periphery. 


the beam of neutrons and past a 
counter where the decay of the sample 
The wheel method has 

Muehlhause (50) at 
Argonne, but difficulty experi- 
enced with the 
activity near the open beam 


In the study of very short-lived de- 


is measured. 
been used by 
was 


large background 


layed-neutron periods, Hughes, Dabbs, 
Cahn and Hall (35) 
shutter (Fig. 11) operated by gravity 
to obtain a 0.19-see neutron burst for 
irradiation of a uranium sample. They 
then followed the decay of the delayed 
neutrons from the uranium by recording 
sealer pulses on an electrocardiograph 
tape. A very rapidly decaying de- 
layed-neutron period of half-life 0.05 


used a heavy 


measured in 
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sec was discovered and 








this way (Fig. 12). Counters in this 
case were BF;-filled proportional count- 
ers. No difficulty was experienced 
with the gamma and beta background 
at the thermal column. 

No special techniques are needed for 
the study of the _ instantaneously 
emitted radiation. The major diffi- 
culty lies in separating the desired 
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FIG. 11. Apparatus for production of 

very short (0.19 sec) neutron irradiations 

and measurement of short period delayed 
neutrons 


1000-—-—— 
900}? 
800) 
700} } 
600! 


500} 


b 
° 
o 


Intensity 
w 
° 
°o 
4 


Calculated 
» intensity 


200; 


| 


01234567890 


effect from the general backgrou 
near the open hole in the therm 


column. If the neutrons are allows 
to diffuse through a block of bismut 
before emerging from the therm 
column, the intensity of gamma ray 
can be greatly reduced with only 
small decrease in neutron flux. Thi 
neutron beam can be reflected from 
crystal or a mirror and thus separate: 
from the gamma beam, but a consid 
erable loss in intensity results. The 
characteristics of the fission process 
can be studied using fission chambers 
(51-54), cloud chambers, or photo 
The neu 
trons from fission can be detected ir 


graphic emulsions (55-57). 


various neutron counters and thei 
number and energy distribution thus 
measured (58, 59). 

Slow-neutron 
heavy particles are 
thermic (n,p), and (n,q@)| can be studied 
quite well in the cloud chamber. By 


reactions in which 


produced — |exo- 


T 
ne | 
j}calculated)x3 ] 





150 20 250 


Seconds after exposure 


FIG. 12. A delayed neutron decay curve obtained with the apparatus of Fig. 11. 

Calculated intensity is based on five known delayed neutron periods longer than 0.4 

sec. Difference curve, on the right, is interpreted as a new period of approximately 
50 millisecond half-life 
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ising He or H gas at low pressure, with 
a high electric sweep field, a low ex- 
pansion ratio and a rapid expansion, 
the background fog caused by the 
ntense beta background can be made 
Figure 13 shows the 
Back- 
ground fog is indeed slight, although 


suite negligible 


np reaction 60 in He’, 


the beta and gamma intensity at the 
chamber was above tolerance (0.1 
mr/8 h) at the time. 
in the expansion ratio to the ‘‘normal”’ 


A slight increase 


yperating value would have resulted 
n complete fogging of the chamber. 

An important problem of the instan- 
taneous emission type is the measure- 
ment of capture gamma rays, which is 
made difficult by the general back- 
ground. This problem has been at- 
tacked by measurement of Compton 
recoil electrons in the magnetic-lens 
spectrometer (61), by absorption (62), 
by pair spectrometer, by observation 
of pairs in a cloud chamber (63), and 
by photodisintegration in deuterium- 
These 


methods all involve major difficulties, 


impregnated emulsions (64). 


but gradual progress has been evident 
in the last few years. 

Another example is the radioactive 
decay of the free neutron. This can 


ve detected by identifying the beta 
particles (800 kev maximum energy) or 
the recoil protons (several hundred 
volts energy) which are produced by 
the decay of neutrons in a_ beam. 
Recent results obtained by Robson 

65) and by Snell et al (66)¥seem to 
have demonstrated this decay, the 
neutron possessing a half-life of about 
15 min. 

Transmission and scattering meas- 
urements for Maxwell distribution 
of neutron velocities. When thermal 
available, many 
measurements were made of the simple 


beams were first 


transmission type, which give the total 
cross section averaged over the Maxwell 
distribution. The method of obtaining 
the total cross section from the trans- 
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FIG. 13. The reaction He*® (n, p) H 
photographed in a cloud chamber oper- 
ated so as not to show the intense beta 
background in the thermal neutron beam. 
Chamber is filled with normal He (con- 
taining 10°‘ ©“ He’) at a pressure of 20 
cm. The reaction can be identified by 
the presence of a short heavy track (the 
H® recoil nucleus) and a colinear light 
track (the proton) 


mission of a beam has already been 
described (section on ‘‘Resonance de- 
tectors’’ in part one of this article) as 
well as the fact that the thermal beam, 
as detected by a 1/v detector, has a 
Maxwell velocity distribution (see NU, 
Feb. ’50, p. 5). 
absorption large enough that scattering 


For materials with 


is merely a correction, and for 1/v 
absorption, these transmission meas- 
urements can be interpreted to give the 
absorption cross section for a particular 
velocity. 

As the neutrons move through such 
an absorber they are preferentially 
absorbed, and the average absorption 
becomes smaller, that is, the beam 
The effect of this harden- 
ing for the case of a 1/v absorber and 


hardens.” 


a 1/v detector, such as a thin BF; 
counter, has been calculated by Bethe 
(67). For a sample of such thickness 
that the transmission is about one- 
half, the cross section inferred from the 
transmission is extremely close to the 
cross section for the most probable 


45 








velocity in the Maxwell distribution, 
that is, 2,200 m/sec at room tempera- 
ture. For other 
the so-called Bethe hardening correc- 


transmission values, 
tion is taken from the curve calculated 
by Bethe and applied to the observed 
transmission to get the 2,200 m/sec 
value. (As 2,200 m/sec is the velocity 
of a neutron of energy k7' with 7' = 
293°, the cross section at this velocity 
is often referred to as the “k7' cross 
section.’’) 

If the absorption cross section is 
known from danger coefficient measure- 
ments, it can be subtracted from the 
measured total cross section to give the 
scattering Such 
tering CTOss sections, however, are only 


cross section, scat- 
averages over the thermal region, in 
which rapid oscillations actually occur 
because of crystal effects, and hence, 
while of 
have no simple relation to cross sec- 


great practical importance, 
tions at particular energies. 

The seattering cross section can also 
be measured directly by detecting the 
neutrons scattered from a sample. 
The intensity for such measurements is 
that 
becomes troublesome, but the measure- 


so low background interference 
ments can be carried out without undue 
difficulty. 
section is only an average over the 


Again, the scattering cross 


crystal-effect region and is useful only 
for applications where an average value 
is sufficient. 

In general, although transmission and 
scattering measurements made with 
the complete Maxwell distribution 
have been of great practical value, to a 
large extent they have been replaced 
by the more precise techniques which 
have been developed for the use of 
These tech- 
niques are described in the next sections. 

Crystal diffraction. The use of single 
crystals for the production of mono- 


monoenergetic neutrons. 


energetic beams of neutrons, that is as 
monochrometers, has already been dis- 


cussed. The monochromatic neutrons 
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FIG. 14. Crystal diffraction apparatus 
used by Wollan and Shull at Oak Ridge 





produced in this way in the thermal 
region, intensity is the 
highest, have been used extensively for 


where the 


the study of crystal structure by meth- 
ods completely analogous to those used 
in X-ray crystal diffraction. A typical 
neutron diffraction 
studies Fig. 14. A 
limated beam of neutrons emerges from 
the hole through the pile shield and is 
incident on the first crystal, the mono- 
This crystal is set 


arrangement for 


is shown in col- 


chrometer crystal. 
to reflect an almost ‘‘monochromatic”’ 
neutron beam of a wave length near 
the maximum intensity of the neu- 
tron distribution. A finite wave-length 
spread is present in the reflected beam 
because the crystal planes are not in 
perfect alignment structure) 
and the neutrons in the incident beam 
do not move strictly parallel. 

The crystal under study (either a 
single crystal or a powder) is placed 
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on the crystal table; diffracted neutrons 


are detected in the neutron counter 


mounted on the spectrometer arm. 


If a powder crystal is used, the Debye- 
powder 


Scherrer typical of a 


pattern are found as the spectrometer 


rings 
is rotated. If a single crystal is used, 
the erystal table and the spectrometer 
arm are geared together so that the 
latter rotates with twice the angular 
displacement of the former; the Bragg 
maxima are thus located. Single erys- 
and 


68) in their investigation of 


tals have been used by Fermi 
Marshall 
the scattering amplitudes of 


the scattering amplitude, a, is 


various 
nuclei 
related to the coherent scattering cross 
{1ra?). 
used 


section, ¢., by the relation 0. = 
The powder method has been 
principally by Wollan and Shull 
at Oak Ridge, both for measurement 


of scattering amplitudes and for deter- 


(69) 


mination of crystal structures. 

The intensity of neutrons available 
for diffraction studies is so low that the 
work is considerably more time-con- 
suming than the corresponding X-ray 
measurements. It is possible, how- 
ever, that by use of multiple crystals 
and improved collimators, the intensity 
might be greatly improved. 

The most promising feature of neu- 
tron diffraction is the possibility that 
can be located in 
crystalline The 
of hydrogen atoms is exceedingly diffi- 
cult with X-ray because of the low 
scattering power of hydrogen, but for 


hydrogen atoms 


substances. location 


neutrons the scattering cross section 
of hydrogen in the average nucleus is 
The advantage of the 
large hydrogen is 
offset by the fact that most of the cross 


much _ higher. 


cross section § of 


section is incoherent (because of the 
large spin-dependent scattering). In- 
coherently scattered neutrons will pro- 
duce only a diffuse background in the 
diffraction pattern. Shull et al (70) 
have studied the structure of sodium 
deuteride 


using sodium 


hydride by 
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because the scattering of the deuteron 
is largely coherent. 
It hardly can be that 


established 


suid neutron 


diffraction is an tool for 
study of crystal structure at the present 
The technique is in the investi- 
details of the 


time. 


gative stage in which 
mechanism of neutron scattering in 
still elucidated. * 


In many ways the techniques of X-ray 


crystals are being 
diffraction can be taken over directly 
to the neutron case, but there are addi- 
tional factors, unique to neutron diffrac- 
Thus 


an element in 


tion, which must be considered. 
the various isotopes of 
general have different scattering ampli- 
tudes (they may actually differ in sign); 
as a result incoherent or diffuse seat- 
tering will be produced because the 
isotopes are distributed at random in 
the crystal. In addition, for 


isotope with spin different from zero, 


each 


there are two scattering amplitudes 
corresponding to the cases in which 
the neutron spin adds to or subtracts 
from the nuclear spin in the scattering 
process. If these two amplitudes differ 
greatly, that is, if there is large spin- 
dependent scattering, then additional 
diffuse scattering will result, as in the 
case of hydrogen. 

The results of several measurements 
have been published in which crystal 
diffraction has been used in investiga- 
tions of a rather special nature. For 
instance, the effect of crystal orienta- 
tion in polycrystalline aluminum re- 
sulting from metallurgical treatment 
has been shown by Arnold and Weber 
(71) by measurements of the trans- 
mission of the aluminum samples for 
monoenergetic neutrons. It is possible 
to show crystal effects by transmission 
because neutron absorption is extremely 
low in certain substances, whereas 
cannot be 


with X-rays 


measurements 
this 


analogous 
made by method 
*See E. O. Wollan, C. G. Shull, 


fraction and Associated Studies,” 
3, No. 1, 8 and No. 2, 17 (1948). 


* Neutron Dif- 
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because of the high absorption always 
present. Shull and Smart (72) 
been able to detect the anti-ferromag- 


have 


netic structure (domains in which the 
atomic fields add to 
present in MnO because the magnetic 
scattering of neutrons leads to extra 
diffraction pattern. No 
would with 


magnetic zero) 


lines in the 


such seattering occur 
Laue photographs 
have (73) by 


special methods to intensify the effect 


X-rays, of course. 
been obtained using 
of neutrons on a photographic plate, 
but even with rough collimation ex- 
tremely long exposure 
necessary. Using a 
the standard crystal arrangement to 


periods were 


modification of 


give increased intensity, Chamberlain 
(74) has studied the diffraction of neu- 
trons by liquids. 

Mechanical velocity selectors and 
“choppers.” 
eter is usually used near the maximum 
of the thermal neutron distribution in 


The crystal monochrom- 


possible 
intensity for neutron diffraction. Diffi- 
culties arise when the crystal is used 
neutrons of much 
interference by 


order to obtain the highest 


to select lower 
velocity 


higher order reflections of faster neu- 


because of 


From the Bragg formula nA = 
2d sin 6, it can be seen that neutrons 
wavelengths 
values of n will be reflected at the same 
angle as those for which reflection is 
When the crystal is set to 
reflect neutrons of quite long wave- 


trons. 


of shorter and higher 


desired. 
length, the higher order reflections 
can be of much greater intensity than 
the first order because of the shape of 
the Maxwell neutron distribution. Be- 
cause of this difficulty with higher order 
reflections, some type of mechanical ve- 
locity selector is more useful than the 
crystal for selection of extremely low 
neutron velocities. 

A mechanical ‘‘chopper”’’ designed 
by Brill and Lichtenberger (75) at the 
Argonne laboratory selects neutrons 
according to velocity by producing 
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FIG. 15. Argonne slow-neutron chopper 

used for cross-section measurements in 

the energy range 0.001 to 0.3 ev. Rotat- 

ing shutter, A, consisting of alternate 

layers of Al and Cd, is shown enlarged in 
the inset 


bursts of neutrons whose time of flight 
to a detector is measured in much the 
same way as in the modulated-cyclotron 
The Argonne chopper, shown 
in Fig. 15, is a rotating cylinder (A) 
made up of alternate cadmium (6 mil 


method. 


and aluminum (30 mil) sheets, driven 
by an electric motor at speeds up to 
180 rps. As the cylinder rotates it 
transmits neutrons for approximately 
3 deg twice each complete rotation. 
Thus, at 180 rps, bursts of neutrons 
of 45 microseconds duration are pro- 
duced 360 times per The 
detector, a BF; proportional counter, 


second. 


is located 1.5 meters beyond the chop- 
per, and the counts from the detector 
are switched to six scaling units at 
definite intervals after each neutron 
burst. The timing of the switching 
circuits is controlled by a beam of light 
from the source (C), reflected from a 
mirror (D) on the rotating shaft to a 
series of photocells whose positions can 
be adjusted at (F). Each scaler there- 
fore records neutrons of a single velocity 
interval determined by the time of 
flight of the neutrons from the chopper 
to the detector. 

The chopper has been used mainly 
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FIG. 16. Total cross section of CaO as 


measured with chopper of Fig. 15 (to- 
gether with a few points obtained with 
crystal spectrometer). Marked varia- 
tion in cross section in the region 0.003 
to 0.03 ev is associated with reflection 
from various crystal planes (whose Miller 
indices are shown by the vertical lines) 


that is, total 
section, measurements as a function of 
velocity for sub-thermal neutron veloci- 
Although the chopper will work 
up to 0.3 ev, above which energy Cd 
transmits neutrons, the crystal mono- 


for transmission, Cross- 


ties. 


chrometer is more useful in the range 
0.03-0.3 ev. Below 0.03 ev, however, 
the chopper gives enough intensity so 
that total cross sections may be meas- 
ured with a velocity resolution of 3%. 
The low energy limit is fixed by the 
intensity, and the best that has been 
done so far is about 0.001 ev, that is, a 
wavelength of 10 A.U. or a velocity of 
100 m/sec. 

In addition to its use for low-energy 
cross-section measurements, the chop- 
per is extremely useful for the study of 
crystal effects by transmission through 
a polycrystalline sample. The rela- 
tively poor collimation of the chopper 
is of no disadvantage in a transmission 
experiment, since crystal effects are 
energy range 
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very noticeable in the 


0.001 to 0.03 ev. As the neutron wave 
length becomes greater than the spacing 
of a particular set of lattice planes, the 
transmission increases abruptly, and a 
curve of transmission vs. velocity can 
be interpreted in terms of the crystal 
structure of the sample as well as the 
orientation and size of its crystal grains. 
By this method, Fermi, Sturm, and 
Sachs (76) have studied the transmis- 
sion of Be and BeO; Winsberg, Mene- 
ghetti, and Sidhu (77), the scattering 
amplitudes of several and 
Krueger et al (78), the small-angle 
scattering of low-energy neutrons at 


nuclei; 


grain boundaries. 

The chopper is not a true velocity 
neutrons of all 
then velocity- 
flight. At the 
true 


selector, for it 
which are 
time of 


passes 
velocities, 
selected by 
present time several velocity 
selectors, designed for the low-velocity 
region, are under construction at Oak 
Ridge, Argonne, and Brookhaven Na- 
tional Laboratories. These selectors 
are all of the type in which a rotating 
shutter contains curved paths along 
which neutrons of only a narrow velocity 
range can Such shutters 


become true velocity selectors because 


proceed. 


they pass only a single neutron velocity 
which depends on the velocity of rota- 
tion and the neutron path in the shutter. 
These selectors will be especially useful 
for studies of neutron activation as a 
function of velocity inasmuch as activa- 
tion measurements are impossible with 
the chopper. In activation 
with neutrons is also 
possible with the crystal, but to date 
it has not been done because of low 
intensity relative to background and 
the necessity of working close to the 
direct beam. 

Neutron polarization. 
sity thermal neutron beams have 
proved to be extremely useful for 
studies of the production of polarized 
neutrons and their use as an experi- 
mental tool. The possibility of polariz- 
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theory, 
monoenergetic 


High-inten- 








ing the neutrons in a beam was first 
suggested by Bloch (79), who showed 
that the 
neutrons by magnetized iron should be 


different for the two possible orienta- 


scattering cross section for 


tions of the neutron spin relative to 
the magnetic field. The difference in 
cross sections implies that a neutron 
beam, after passing through 


tized iron, should have a preponderance 


magne- 


of neutrons with spins oriented in one 
direction. In this way a high degree 
of polarization could be produced in a 
very thick block of magnetized iron. 
The 
shown by Bloch to arise from the term 


difference in cross section was 
in the intensity caused by the inter- 
ference of the neutron wave scattered 
by the magnetic field of the iron atom 
with the wave seattered by the nu- 
that 
experiments 


cleus. It was suggested neu- 


tron polarization would 
give valuable information on the inter- 
action of neutrons with electrons and 
on the nature of ferromagnetism. The 
detailed theory of the passage of neu- 
trons through magnetic materials was 
given by Halpern et al (80). 

The first use of polarized pile neutrons 
Was the measurement of the magnetic 
moment of the neutron by Arnold and 
Roberts (8/1), using the method of 
Alvarez and Bloch (82). 
Wallace and Holtzman (83) carried out 
an extensive study of the process of 


Hughes, 


neutron polarization and performed a 
few experiments in which the polarized 
neutrons were used to investigate fer- 
romagnetice properties, such as the size 
of ferromagnetic domains and the law 
of approach to magnetic saturation. 

At the present time the production of 
polarized neutrons by transmission 
through magnetized iron is well under- 
agreement with 
Neutron 


stood and in good 
theoretical expectations (84). 
beams of 60% polarization can be ob- 
tained by this method without undue 
loss of intensity; they are quite useful 
for such measurements as the depolari- 


50 


zation of neutron beams in thin sheet 
of magnetic materials. The polariz; 
tion of the beam emerging from t} 
thin 


its transmission through a second bloc} 


sheet is measured by observing 
of magnetized iron which acts as ar 
analyzer, ina manner analogous to opti 
Meas 
made it 


cal polarization experiments. 


urements of depolarization 
this way give domain size and domain 
orientation ina very direct manner (85 
and the domain properties have been 
shown to be directly related to the 
metallurgical treatment of the 
Completely polarized neutron 


iron 
sheets. 
beams recently have been obtained by 
reflection from magnetized mirrors, by 
utilizing techniques of the next section 

Only limited applications have been 
made of highly polarized pile neutron 
beams to date. These applications 
have been mainly in the field of ferro- 
magnetism, where polarized neutrons, 
acting as minute test dipoles, are par- 
The other field of 


ticularly useful. 


utility for polarized neutrons is that of 


spin-dependent forces, but here the 
applications are made difficult because 
of the fact that the nuclei are oriented at 
Spin-dependent forces could 
non-oriented nuclear 


random. 
be studied with 
spins only by studying the depolariza- 
tion of the scattered neutrons. This is 
made difficult by intensity. 
k:fforts are now being made to align 
nuclei by means of low temperature and 
high magnetic fields. If appreciable 
alignment can be produced, highly 
polarized neutron beams will be ex- 
tremely useful for measurements with 


loss in 


the aligned nuclei. 

Neutron mirrors. The neutron flux 
from the thermal column is high enough 
so that a highly collimated beam of 
neutrons may be formed without a pro- 
hibitive loss in intensity. Fermi and 
Zinn (86) demonstrated the total re- 
flection of neutrons from mirror sur- 
faces at glancing angles in 1944. As 
such reflection takes place only for 


May, 1950 - NUCLEONICS 











angles of the order of a few minutes, 


the incident beam must be well 
collimated. 

The equations governing mirror re- 
flection of closely ana- 
logous to those of optical or X-ray 


The index of refraction, n, 


neutrons are 


reflection. 
waves in a medium is 


) by the amplitude, a,, of 


for neutron 

determined (8? 

the coherently scattered waves: 
2Na, 


T 


ne=il — 


Here N is the 
The sign convention is such that 


number of nuclei per 
em 
a positive scattering amplitude is that 
of an impenetrable sphere. (Most nuclei 
have positive amplitudes.) It is im- 
portant to note that the index depends 
only on the coherent scattering, inde- 
pendent of such incoherently scattered 
waves as those caused by lattice vibra- 
tions. It is just because the index 
depends only on the coherent amplitude 
that powerful 
method of measuring such amplitudes. 
The coherent scattering amplitude can 
also be measured by the intensity of 


mirror reflection is a 


the Bragg maxima with the crystal 
diffraction method, but in that case the 
results are affected by lattice vibrations. 

The most direct method of measuring 
the index of refraction for neutrons 
is by means of the critical glancing 


angle, 6., for total reflection: 


Na, 


@=rV\ 
T 


\ measurement of the angle at which 
the reflection (actually 
drops rapidly to a low value) for a 
given wavelength, A, gives the coherent 


‘‘disappears”’ 


amplitude directly with no corrections. 
If total reflection occurs, it is known 
that the 
positive, for a negative amplitude would 


immediately sign of a. is 
give only an extremely weak reflection. 
Fermi and Marshall (68) have measured 
the magnitude of several positive ampli- 
tudes by this method, and have shown 
that one or two others are negative. 


NUCLEONICS - May, 1950 


When through un- 


magnetized iron, the scattering ampli- 
tude will have two values depending 


neutrons pass 


on whether the magnetic force on the 
neutron adds to, or subtracts from, the 
force (88). Thus 
‘doubly 


nuclear iron is @x- 
refracting.” 


(SY) as an 


pected to be 
Such behavior 
extremely small 
minute) scattering of a finely collimated 
iron block. The 


more 


was found 


angle (about one 


neutron beam in an 
double refraction can be shown 
clearly by reflection from an iron mirror 
because two distinct critical angles (90) 


are expected: 


where yw is the neutron magnetic mo- 
ment, EF its energy, and B the magnetic 
induction. It is of that the 
values of the critical angles found (92), 
show that the field acting on the neu- 
tron inside the iron is B rather than H. 

As the two critical angles correspond 
to the two alignments of incident neu- 


interest 


trons (parallel and antiparallel to B), 
it is clear that for an incident angle 
midway between the two, only neutrons 
of one orientation will be reflected, 
i.e., the reflected neutrons will be com- 
pletely polarized. If the mirror is one 
of magnetized cobalt, the polarization 
will be complete even if the incident 
neutrons are not monoenergetic, be- 
cause the magnetic term in the expres- 
sion for the critical angle is larger than 
the nuclear term (91 Hughes and 
Burgy (92) have used cobalt mirrors to 
produce completely polarized neutrons, 
cobalt 


reflection at a second 


to measure the 


using 
mirror 
polarization. 

If the coherent scattering amplitude 
is measured by critical reflection and 
the total scattering amplitude by trans- 
mission, the difference gives the in- 
coherent scattering. If only a single 
nuclear species is present (no isotopes), 
the incoherent scattering will be caused 
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FIG. 17. Apparatus for total reflection 
of neutrons from liquid mirrors and re- 
sults for a measurement of the coherent 
(n-p) e scattering using liquid C,.His 
(triethylbenzene). Wavelength of the 
neutrons reflected from the liquid is de- 
termined by reflection from a second 
(Be) mirror 


by spin-dependent scattering, in which 
the scattering amplitude depends on the 
orientation of the neutron spin with 
respect to the nuclear spin. In this 
way information concerning the spin 
dependence of nuclear forces can be 
obtained from mirror experiments. 
The only measurement of this type 


made so far is that of the coherent 


neutron-proton scattering (93, 94) in 
which the critical angle for reflectio: 
from a hydrocarbon liquid (C,2H;s) was 
studied. A diagram of the experiment 
is shown in Fig. 17, as well as the data 
for the reflected neutron beams. Be 
cause the scattering amplitude of C is 
positive and that of H negative, the 
liquid C,.H,s has an amplitude that is 
slightly positive, and total reflection is 
obtained only at very small angles 
(about 5 minutes for neutrons of wave- 
length 7 A.U.). The incident angle is 
measured by the difference in detector 
position for the direct beam (A) and the 
beam reflected from the liquid surface 
(B), while the wavelength is measured 
by the critical angle for reflection at a 
second (C), of Be. The 
surface of the liquid provides an excel- 


mirror free 
lent mirror; no difficulty is experienced 
from surface The 
method in this case provided, in a very 


vibration. mirror 
simple manner, a measurement that 
was more accurate than the previous 
(n,p) 
scattering 
(95) and scattering from erystals con- 
taining hydrogen (96)]. 


determinations of the coherent 


scattering [para-hydrogen 
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NEUTRON STANDARDIZATION .. . 


will be discussed in part three of “Pile Neutron Research Tech- 
niques” which will appear in next month’s NUCLEONICS. 
present neutron standards such as that shown on this month’s cover, 
Dr. Hughes will discuss standardization of: 1. Source strength; 2. Flux; 


3. Neutron temperature. 


Besides detailing 











NUCLEONICS - May, 1950 


53 








Table for Simplifying Calculations of 





Activities Produced by Thermal Neutrons 


The formula used to calculate the activity produced in a 
particular nuclide by thermal neutron irradiation has been 


modified and is presented in simpler form. 


Data have been 


compiled in a table for use with the exponential curve. 


By F. E. SENFTLE and W. Z. LEAVITT 


Department of Metallurgy 


Department of Geology 


Massachusetts Institute of Technology 


Cambridge, 


WHEN MATERIALS are to be 


bombarded by 


VARIOUS 
thermal neutrons in a 
pile or cyclotron, it is often desirable to 
have an estimate of the activity which 
may be expected after a given irradia- 
tion time at a known flux. The caleu- 


tion is straightforward and, where 
only a few items are concerned, it is not 
exceedingly tedious. However, where 
calculations 


regularly or where many calculations 


these have to be made 
have to be made in a short time, it is 
expedient to simplify the calculation. 
Such efforts have already been made 
by others: Eastwood (1) has devised a 
circular slide rule, and, more recently, 
Cisar (2) has constructed a nomograph 
for the same purpose. In these, a table 
of cross sections and half-lives must be 
consulted. Also, both the 
slide rule and the Cisar nomograph in- 
volve the weight of the parent nuclide 
rather than the weight of the parent 
In practice, a given weight of 
A separate cal- 


Eastwood 


element. 
element is irradiated. 
culation must be made to determine the 
weight of the 
these devices can be used. 


parent nuclide before 

In this laboratory a tabulation has 
been prepared which includes the per- 
centage abundance factor for the vari- 
ous isotopes of each element, and is thus 
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Massach usetts 


based on the weight of the parent ele- 
ment. The calculations can therefore 
be made with nothing more than the use 


of an ordinary slide rule. 
Method of Simplification 
The activity produced in a given 
nuclide by thermal neutrons is 


hie = (Of[NKE)(T — oO T eer? = (1) 


1, = activity of the radionuclide 
in the target in disintegra- 
tions per second after it 


where . 


has been removed from the 
flux for a period @. 
activation cross section in 
em? 
flux in neutrons 
per cm?/sec. 
number of atoms of the ele- 
ment in the target from 
which the radionuclide is 
formed, 
relative abundance of the 
isotope from which the 
radionuclide is formed. 
= time of irradiation. 
time of decay. 
T = half-life of radionuclide 
formed. 
The usual procedure in making this 
calculation is to evaluate the terms in 
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the parentheses by separate operations, 
ofNk) in Eq. 1 
infinitely 
long irradiation period and is called the 


The product is the 


activity obtainable by an 
saturation activity. In most cases ir- 
radiation for periods that are greater 
than ten half-lives will suffice to produce 
saturation. 

The saturation activity of any nu- 
clide, as described above, will be char- 
acteristic for any given weight of the 
that 
given flux, since the expression includes 


target element is activated in a 
the relative abundance of the parent 
isotope. Therefore, it appears logical, 
as a step towards simplification in eal- 
culating saturation activities, to have a 
prepared table based on fixed weight 
and flux values. 

For convenience, the table presented 
in this paper is based on 1 gm of element 
being irradiated in a flux of 10° neutrons 
The product (of Vk) 
is, then, the specifie saturation activity 


per cm? per sec 


particular radionuclide, and is 
in the table. 
In any given problem, if the flux dif- 


of any 
designated A, 


fers from 10° neutrons per cm? per sec, 
the correct value may be obtained by 
multiplying by a suitable factor of pro- 


portionality. The corrected value of 
1, for a particular experiment is simply 
= Wa 2) 
A, == A, (2 

10° 


where W is the weight of the element in 
the sample 

In Eq. 1 (1 e~°-6938/T) is the growth 
factor for the activity produced. By 
expanding the exponential it can be 
simplified 


| e~°-693/T = 0,.693t/T (3) 
provided that ¢/7' is small, say less 
than 0.15. Consequently, if ¢ is less 


than about 15% of the half-life, 0.693t/T7 
may be substituted for (1 — e~°-69/T) 
without incurring an appreciable error, 
i.e., an error less than the probable 
error in the known cross sections. 

To evaluate growth and decay factors 
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ee ae 


in Kq. 1 when ¢t/T > 0.15, the table 
is supplemented by a graph (pg. 63). 
The growth factor, (1 e~°-698T) has 


been plotted as a function of ¢/7, and 
the decay factor, ¢ *T, as a fune- 
tion of 6/7. Although this curve suf- 
lack of 


tremities, it has 


fers from accuracy at its ex- 


been found to be 
eminently useful in most cases. 

In general, Eq. 1 may be written 
A,(1 — e—2-893/T)e-0-6980/F (4) 
As a special case, where ¢ is known to 
15% of 7, 
plification can be made 


0.6931 
‘ 6936.7 


= A,dte~?- 693 
The values of A.A can be 


1.69307 


A; = 


be less than a further sim- 


a7 - 


» 
found in the 
table and « is most easily ob- 
tained from the graph. 
In cases where ¢ is greater than 15% 
ean be taken 
693t T) 


of 7, only the value A 
table; (1 ¢ 
must be obtained 


from the and 


p-0.6930/T from the 


graph. 
The Table (pages 56-61) 
The data from which the following 


table 
taken from two of the most recent pub- 


has been compiled have been 


constants (3, 4). 


lications of nuclear 
Additional data have also been included 
since the values of some of the funda- 
mental information, notably the data 
on cross sections, are continually chang- 
ing with increased accuracy of measur- 
ing techniques, and thus an estimate 
of the value of the derived constants 
The table 


been arranged alphabetically according 


ean easily be made. has 





to the symbol of the element. Sub- 
script numbers throughout the table 
indicate a relatively large probable 
error. 

Text is continued on page 62. The 


next six pages are devoted to the table 
of nuclides produced by thermal neu- 
trons. Footnotes to the table appear on 
page 61. 
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Examples 
Problem 1. How long must a 3-gm 
gold foil be irradiated in a flux of 10° 
neutrons/em?/see to attain an activity 
of 8 X 10’ disintegrations per second? 
What is the activity 3 days after re- 
moval of the foil from the flux? 


Solution. A; in Eq. 4 is 80 rd. A, 
from the table is 293 rd. Since this 
value is based on 1 gm of element and a 
flux of 10° neutrons /em?/sec, 293 must 
be multiplied by 3 K 107! to correct for 
weight and flux. As it is desired to 
know the activity upon removal from 
the flux, the decay factor e~° 8% 7 is 
dropped from Eq. 4. Hence 

80 = 293 X 3 X 107-1(1 — e78.698"/7) 

1 — ¢-0.098/T = 0.92 
From the graph, 0.92 corresponds to a 
value of ¢/7' = 3.65, and, since T' is 
2.69 days, t is 9.8 days. 

To obtain the activity of the foil 3 
days after removal from the flux, the 
total activity of 80 need only be multi- 
plied by the decay factor e~° ®%97, ob- 
tained from the curve. 6/7 for this 
decay period is (3/2.69) = 1.12, and 
this corresponds to 0.465 on the graph. 
Thus, the activity after 3 days will be 

A, = 80 X 0.465 = 37.2 rd 


Problem 2. A 0.5 gm button of 
wolfram is placed in a flux of 10"! neu- 
trons/cm?/sec for 3 days. What is the 
activity due to the~24-hour and the 
74-day radionuclides which are pro- 
duced upon removal from the flux? 


Solution. 24-h wolfram—The ratio 
t/T is (72/24.1) = 2.99. This corre- 
sponds to a growth factor of 0.885 on 
the graph. A, from the table is 34 rd. 
This has to be corrected for the weight 
of the wolfram button and the neutron 
flux. Thus, substituting in Eq. 4, 

A; 

= 34 X 0.5 X 10? XK 0.885 = 1,500 rd 
74-d wolfram—The ratio of t/T is less 
than 0.15 in this case, and, therefore, 
A,X can be used directly. A, from 
the table is 2.3 K 107! urd/gm/see. 
Therefore 

A, = A,Mt = 2.3 X 107! XK 0.5 X10? 

x (3 X 24 X 60 K 60) = 298 & 10° urd 
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Problem 3. What is the ratio of t} 
activities due to sodium and potassiu: 
in a rock specimen immediately upo: 
removal of the specimen from the pile 
Assume the specimen has been irrad 
ated for a period of 1 day and that it 
contains 5% sodium and 2% potassiun 
by weight. 


Solution. From the table and the 
graph we obtain 
for sodium: 
A, = 13, or 0.05 X 13 (corrected) 
(/T = 24/14.8 = 1.62 which corre- 
sponds to 
(1 — e709 69%/T) 0.665 


for potassium: 


A, = 0.98, or 0.02 X 0.98 (corrected 
t/T = 24/12.4 = 1.94 which corre- 
sponds to 
(1 — ¢e-8.698/T) = 0.745 
Neglecting the decay factor in Eq. 4 we 
have for the ratio of activities 
Ans _ 0.05 X 13 X 0.665 _ oy ¢ 
Ax 0.02 X 0.98 X 0.745 
If the irradiation time in this example 
had been two weeks instead of 1 day, 
both nuclides would reach saturation 
activity, and the ratio would be simply 
that of their corrected A, values. Thus 
Ana = “— x =i = 33.2 
Ax 0.02 0.98 


Conclusion 


The method of calculation described 


has been found useful for certain types 
of work of which examples have been 


given. It has also been found useful 
in making a rapid comparison of the 
activities which might be expected from 
several different elements. 

For instance, suppose it is desired to 
know which of the three elements, 
cobalt, nickel, or vanadium is most 
easily activated by thermal neutrons. 
If reference is made to a cross-section 
table only, the values may be mislead- 
ing unless properly interpreted by a 
suitable comparison of half-lives and 
abundances. In this table all the 
variables have been combined and the 
desired information can be obtained 
directly from the values of A,A, the 
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e-0.6930/T 


A PLOT OF 


-0.693 6/T vs $ 


and 


j-e7 0-693 t/T ye 4 






e-0.6930/T 


2 
T 


activity produced per gm per sec, under 
the stated 


easily seen that, under similar cireum- 


conditions. Hence, it is 
stances of irradiation, vanadium is most 
easily activated even though the cross 
section of one of the cobalt isotopes is 
nearly five times and one of the nickel 
isotopes three times that of vanadium. 


* * * 


The authors grateful to Professor 
A. M. Gaudin for commenting on this table, 


and to various members of the staff for their 


are 


|-e -0.693 t/T 


5 
4 
ors 


stimulating discussions. This project was 
sponsored by the Division of Research, 
Atomic Energy Commission, and carried 
out in the Richards Mineral Engineering 
Laboratories, Massachusetts Institute of 
Technology. 
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NEUTRON PRODUCTION BY COMPLETE ABSORPTION 


Calculations of neutron yield per high-energy photon com- 
pletely absorbed in an absorber of high atomic number are 
outlined, with indications of their usefulness in cosmic-ray 
research, studies of photonuclear reactions, and neutron- 
background evaluation in electron-accelerator experiments. 


By JOSEPH S. LEVINGER 


Department of Physics, Cornell University 
Ithaca, New York 


WHEN a high-energy photon strikes an 
absorber many radiation lengths thick, 
the incident photon generates a shower 
containing many photons of lower 
energy. Some of the lower-energy 
photons in the shower generate neutrons 
by photonuclear reactions in the ab- 
sorber. To illustrate this reaction in 
lead, for example, see Fig. 1. 

In this paper, an approximate calcu- 
lation is made of the yield of neutrons 
produced per high-energy photon com- 
pletely absorbed in an absorber of high 
atomic number. This calculation might 
apply to: a) neutron-background cal- 
culations in experiments with electron 
accelerators; b) cosmic-ray experiments 
like those made by V. T. Cocconi (1); 
c) analysis of the source of cosmic- 
ray neutrons in the atmosphere, such 
as that by Fujimoto, Hayakawa, and 
Yamaguchi (2); d) studies of photo- 
nuclear reactions, similar to those of 
Strauch and Eyges (3). 

At a depth of ¢t radiation lengths, the 
number of photons of energy W in a 
shower created by an incident photon 
of energy W, will be denoted by 
7 (Wo, W,t), following Rossi and Greisen’s 
notation (4). These photons of energy 
W produce neutrons with nuclear cross 
section o(W), and average multiplicity 
v(W). The yield of neutrons per inci- 
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dent high-energy photon completely 
absorbed is then 
Y = 
We fo 
if if Nv(W)a(W)y (Wo, W,t) dt dW 
Wo 
= N I, v(W)o(W)z,(Wo,W) dW 


(I 
Here N is the number of nuclei per em? 
of a length of 1 radiation length ('% 
em of lead) or 1.7 X 10” for lead. 
The track length z,(Wo,W) is the total 
distance traveled by photons of energy 
between W and W + dW in a shower 
generated by an incident photon of 
energy Wo. 

For W much larger than the critical 
energy of shower theory (7 Mev for 
lead), but much less than W >, we may 
use approximation A of Rossi and 
Greisen (4). Their equation 2.45 states: 
2y(Wo,W) = 

r r r , 

f, ¥(Wo,W,t) dt = 0.572W./W? = (2) 

Approximation A is inaccurate in 
two significant respects: 1) its use of 
the asymptotic value for pair-produc- 
tion cross sections, valid for high-energy 
photons; and 2) its neglect of energy 
loss by electrons by ionization. 

Richards and Nordheim (4) give 
numerical results for the track lengths 
in lead, or in air, which are not based 
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OF HIGH-ENERGY PHOTONS 


on these lead 


and other heavy absorbers, the use of 


approximations. For 


asymptotic pair-production cross sec- 
tions in approximation A reduces the 
track length below the results of Rich- 
ards and Nordheim. For air, on the 
other hand, at the photon energies with 
which we are concerned, the collision 
loss of electrons is the predominant 
effect; therefore, approximation A gives 
too large a track length for this case. 

Since the cross sections for photo- 
nuclear reactions for heavy nuclei ap- 
pear to be appreciable only for photon 
energies between 10 and 30 Mev, i.e., 
for energies somewhat above the critical 


shall 


approximate Richards’ and Nordheim’s 


energy of shower theory, we 
results, for incident photons of high 
energy absorbed in lead, by 


zy(Wo,W) = 1.4 XK 0.572W,/W? (3) 


This agrees with their numerical results 
within 10% for the energy range of W 
from 10 to 30 Mev. See Fig. 2. For 
the track length in air, for photons of 
energy between 15 and 50 Mev (27.e., for 
energies somewhat less than the critical 
energy for air), the factor in approxi- 
mating Richards’ and Nordheim’s re- 
sults is only 0.4, instead of 1.4, for the 
case of lead. 

Measurements of the absolute cross 
section (6), relative photonuclear cross 
7”), and energy dependence of 
the cross sections (8) were made with the 
100-Mev Electric 
Photonuclear cross sections have heen 
calculated by the author and Bethe (9). 
In the latter paper, the G.E. experi- 
is shown 


sections 


General betatron. 


ments are discussed, and it 
that these calculations are in fair agree- 
ment with the experimental results. 
The relevant results are quoted here. 

First, the average multiplicity »(W) 


of neutrons produced per photonuclear 
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/ FIG. 1. Schematic pres- 
/ entation of neutron pro- 

duction by absorption of a 
high-energy photon. Angular divergence 
of the shower has been exaggerated. 
Penetration of the shower into the lead 
has been drawn roughly to scale for an 
incident photon of 300 Mev. Shown is 
the one lucky case--a 6% chance—-when 
one photon in the shower produces a 

neutron by a photonuclear reaction 


reaction is rather close to unity (7). 


Second, a reasonable extrapolation, 
based on theory, of the G.E. results 


gives for lead nuclei 
x 
I, odW/W = 0.3 barns (4) 
( 


For calculation of the neutron yield 
from complete high- 
energy photons, we different 


integrated photonuclear cross section: 


Wo «2 
i o dW wea | o dWw/We 
0 0 


= (1/We) f, caw Ww (5) 


absorption of 


need a 


This equation defines W, as a sort of 


harmonic average energy for the 
photons absorbed; it is weighted in 
favor of low-energy photons. On the 


basis of insufficient evidence, a guess of 
20 Mev is made for the value of W, for 
lead nuclei. (Later, a method is sug- 
gested for measuring the approximate 
value of Wa.) 

Using Eqs. 3, 4, and 5 in Kq. 1 for 
the neutron yield ¥ by complete absorp- 
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FIG. 2. Track length vs photon energy 


tion of a high-energy photon in lead, 
we have 
Y = N(1.4> 
x 
f; odW/W =2 x 10-*Wo (6) 


0.572Wo/W, 


where Wo is expressed in units of 100 
Mev. This calculated yield should be 
accurate within a factor of 2. 

The same neutron yield is found if an 
incident high-energy electron of energy 
Ey = W, initiates a shower that is com- 
pletely absorbed, since the track length 
for low-energy photons in a shower does 
not depend on whether the initiating 
particle is an electron or a photon (4). 

It is of interest to consider how the 
neutron yield depends on the atomic 
number Z of the absorber. The num- 
ber of nuclei per radiation length, NV, 
varies approximately as 1/Z*, while the 
integrated photonuclear cross sections 
vary approximately as Z.* The varia- 

* NoTE ADDED IN PROOF: G. C. Baldwin and F- 
R. Elder [Phys. Rev. 78, 76 (1950)] find that the 


integrated photonuclear cross section varies 
roughly as Z*, This changes our results to: a) 


. 4 ‘ 
Y varies roughly as z”. b) Y for lead is increased 
by a factor of about two. 
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tion of the neutron yield, however, i: 
less drastic than 1/Z, since the ratic 
of the Richards-Nordheim calculated 
track length to that of Eq. 2 depends 
on the value of Z. The 1/Z depend- 
ence for the neutron yield is modified 
to an approximate 1/Z’? dependence. 
If photons or electrons with an energy 
distribution f(Wo) strike a thick ab- 
sorber, the neutron yield is proportional 
to the total energy incident in the form 
of high-energy photons and electrons: 


ba , , r 
[ Wof(Wo) dWo, 
JWe . 
where W, represents a threshold for 
photonuclear reactions. 

Since the photon spectrum from elec- 
tron accelerators has approximately the 
bremsstrahlung form, or approximately 
dW./Wo, up to maximum energy W,,, 
the neutron yield for complete absorp- 
tion in lead becomes 
r N(1.4 & 0.572/W.) 
Vin r r r aa r , — 
. W, dW, we f, o dW AW (4) 
t 


N(1.4 X 0.572/W.)(Wm — Wi) 
fv eawsw 
0 


= 1 


We can compare this with the yield Y’ 
for neutron production in a thin ab- 
sorber, 7.e., an absorber much less than 
a radiation length in thickness, so that 
there is no appreciable modification of 
the photon beam from the accelerator: 


y= [* oawe/We (8) 


Here N’ is the number of nuclei per 
em? for the thin absorber. 

Taking the ratio of the neutron yields 
in the two cases and solving for the 
harmonic mean energy for photon 
absorption W., we obtain 


W. = (1.4 X 0.572Y'N/YN’) 
<X (Wn — W:) (9) 
Of course, the factor 1.4 is valid only 


for lead or neighboring elements, and 
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the whole method is only approximate. 

We should point out that one could 
study either neutron production in the 
whole absorber, or neutron production 


the latter case, one can find the total 
yield of some particular photonuclear 
reaction by integrating the curve of 
induced activity vs position of foil in 





in thin foils of a different material, the absorber, as suggested by Strauch 
suitably located in the absorber. In and Eyges. 
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Existence of Two Subatomic Particles Verified 


Two cosmic-ray particles, unobserved since their discovery by G. D 
tochester and C. C. Butler of the University of Manchester, England, in 
1947, have been verified by California Institute of Technology scientists 
Dr. Carl D. Anderson, who headed a group which included Dr. R. B. Leigh- 
ton, Dr. E 
(American Physical Society at the April meeting in Washington, D. C 


W. Cowan, A. J. Seriff and C. Hsiao, reported the research to the 


Eleven thousand cloud-chamber photographs yielded 30 pictures of one type 
of particle and four pictures of a second type. The cloud chamber apparatus 
was controlled by a battery of Geiger counters mounted below an 8-in. thick 
lead plate; the chamber was tripped only when particles of very high energy 
penetrated the plate. Mounted on a trailer, the chamber was used for 
3,000 observations on the Cal Tech campus and 8,000 observations on White 
Mountain at an altitude of 10,500 ft. 

The first particle, evident in both locations, is a neutral one which breaks 
down into two others, each of which carries a charge. One of these second- 
ary particles, and possibly both, appears to be one of the mesons. 

The mass of the first type of particle is still to be determined. Its mass 
may range from 500 to 1,000 electron masses, or from 2,200 to 2,500 electron 
masses, depending upon the identity of the secondary particles. 

The second type of particle, of which only four photographs were obtained 
(on White Mountain), is a charged one which breaks down into two second- 
ary particles, one neutral and one charged. There is not sufficient data to 
allow computation of its mass. 

These 


include the electron, neutron, proton, positron, five kinds of mesons, the 





Including the two new ones, 13 subatomic particles are now known. 


neutrino, and photon. 
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Liquid Scintillation Counters* 


By George T. Reynolds 


Palmer Physical Laboratory, Princeton University 
Princeton, New Jersey 


The usefulness of crystal scintillation counters for cosmic ray research has 
been recognized for some time (1). Comprehensive surveys of the properties 
of various scintillation crystals have been conducted by Kallmann (2) and 


Hofstadter (3) and by Jordan and Bell (4). 


However, because of the low 


counting rates encountered in cosmic ray observations, it is necessary to 


employ large clear crystals in order to 
make some of the interesting experi- 
In general it is difficult 
to grow clear crystals of organic com- 


ments feasible. 


pounds (desirable because of the short 
pulse duration) free of fracture in sizes 
greater than the order of 50 grams, even 
with rather elaborate precautions with 
respect to purity of sample, tempera- 
ture control of large furnaces, etc. Since 
such limitations do not apply to clear 
solutions, a program was recently under- 
taken at Princeton University to in- 
vestigate the scintillation properties of 
a series of solutions (4). 

The first solutions investigated were 
dibenzyl in ether, and naphthalene in 
benzene. These combinations were 
chosen because it was possible to get 
7% and 35% by weight, respectively, 
of solid into solution. The solution was 
placed in the pyrex container shown in 
Fig. 1 and viewed with a 1P21 photo- 
multiplier. In all of the experiments 
to be described, the pulses observed are 
due to the Compton electrons in the 
solution arising from the y-rays of a 
1 millicurie Co® source. 


* Assisted in part by the joint program of the 
Office of Naval Research and the Atomic Energy 
Commission. Reproduction, translation, publi- 
cation, use and disposal in whole or in part by 
or for the U. 8. Government is permitted. 
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With these first solutions it was neces- 
sary to use two 1P21’s placed at oppo- 
site ends of the cell and count only 
coincidences, since the pulses from the 
solutions were the same order of magni- 
tude as the photomultiplier noise. By 
comparing single channel counting rates 
with coincidence rates, it is possible to 
measure a figure-of-merit for each solu- 
tion. On this basis the dibenzyl and 
naphthalene solutions rate a number 
0.15, compared to a figure of 0.9 for a 





FIG.1. Pyrex container containing scin- 
tillation solution 
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good naphthalene crystal. This figure- 
of-merit is useful mainly in establishing 
relative effects and should not be taken 
as an absolute measure of the efficiency 
of the sample. With slight variations 
in geometry and photomultiplier charac- 
teristics, it has proved reproducible to 
the order of 4%. 

\ series of solutions and liquids were 
then investigated, including those listed 
in the table. The terpheny! solutions 
vere selected for further study. With 
these solutions it is possible to dispense 
with the coincidence technique and view 
the pulses directly by suitably ampli- 
fying the signal from an end-window 
photomultiplier and observing the pulse 
on an oscilloscope. The terphenyl pulse 
sizes are observed to be a little less 
than one half those from an anthracene 
crystal used for comparison, and are at 
least as fast as the amplifier charac- 
teristics (rise time 0.02 usec, decay time 
0.04 psec). 

The terphenyl used in these observa- 
tions was commercially obtained but 
further purified in the laboratory. 
Similar observations using the com- 
mercial grade terpheny! directly indi- 
cate that the pulse heights and figure-of- 
merit are not significantly less for these 
than for the specially purified speci- 
mens. The effect of concentration has 
been investigated and the results are 
shown in Fig. 2. These observations 
involve pure terphenyl in xylene, and 
indicate that a figure-of-merit of 0.3 is 
obtained for concentrations by weight 
as little as 3 parts in 100,000. The 
figure for xylene alone is 0.08. 

With a view toward exploiting the 
particular advantages of solutions for 
cosmic ray work, 7.e., the ease of prepa- 
ration and transparency of large sam- 
ples, an investigation was made of the 
possibility of using a cell 4 X 1 X 6in. 
By collimating the y-ray source and 
directing the beam at various positions 
along the cell, it was found that the 
figure-of-merit did not vary more than 
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FIG. 2. Plot of effect of concentration of 
terphenyl in m-xylene 





Liquid Figure-of-merit 

Benzene 0.07 
Xylene 0.08 
Naphthalene in benzene 0.15 
Naphthalene + anthracene 

in benzene 0.36 
Terphenyl in m-xylene 

0.5 gm/100 ec 0.79 
Terphenyl in benzene 

0.5 gm/100 ce 0.76 
Terpheny! in toluene 

0.25 gm /100 ce 0.70 
Terphenyl in cyclohexane 

(saturated) 0.58 





+0.05 over the length of the cell. In 
these experiments no attempt was made 
to provide reflecting surfaces other than 
those present because of the pyrex 
container. 

It is apparent that further extensive 
investigations of the properties of these 
solutions are possible and necessary, but 
it is already established that pulse 
heights equal to those of clear stilbene 
crystals can be obtained from clear 
solutions. Because large cells of clear 
solution are so simply prepared, it will 
now be possible to perform cosmic 
ray experiments previously made diffi- 
cult because they require large, fast 
detectors. 
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Radioactivity Air Filter 
Developed for AEC 


A new inexpensive paper-like filter 
material designed for filtering fine radio- 
active particles from contaminated 
gaseous wastes has been developed for 
the Atomic Energy Commission by 
Arthur D. Little, Ine., 


Mass., research and engineering organi- 


Cambridge, 
zation. The development may have 
general commercial or industrial use, for 
instance in filtering the smokestack 
gases which now cause fumes or smog. 
The new material contains treated 
paper-making 
with very finely divided mineral asbestos 


fibers in combination 


fibers. The material is made in soft, 
flexible sheets which can be pleated and 
formed into shapes to fit filtering units 
of large capacity. 

AEC facilities using cooling or venti- 
lating air which might become con- 
taminated with radioactive particles 
take extreme care to eliminate such 
particles before the air is discharged 
into the atmosphere. Air filters de- 
veloped and used by the Chemical War- 
fare Service for protection against gas 
warfare have proved satisfactory, and 





for some years the Army has bee: 
supplying AEC with filter units. Wit! 
the expansion of the atomic energy 
program, 
filters has grown rapidly. 
develop alternate sources of supply and 


however, the demand for 
In order to 


possibly to reduce filter costs, the AE( 
initiated a program for filter research 
and development. 

The paper can be made on relatively 
slow Fourdrinier machines of a type 
found in a large number of paper mills 
fabricating soft saturating papers 
Thus, the atomic energy program can 
be assured a diversified source of supply. 

The filter units consist of deep, closely 
spaced pleats of filter paper fitted into 
wooden frames. The pleats are spaced 
and kept in line by deformed separators 
of ordinary paper which hold them in 
place and permit easy passage of the 
air to be filtered. The paper pleats and 
separators are anchored into wooden 
frames with plastic adhesives. The 
frames are in turn glued and screwed at 
all corner joints to produce a perfectly 
tight assembly. Gaskets of soft sponge 
rubber cemented around the edges of 
the frames prevent air leaks when the 
frames are clamped into place. 


Properties of Scintillation Materials 


Considerable work has been done recently in investigating various crystals 


for possible use in scintillation counters. 


At the meeting of the Metropolitan 


Section of the American Physical Society at Brookhaven on April 1, Robert 
Hofstadter of Princeton University presented data on the important crystals 


tested to date. These data (tables 1, 
by Dr. Hofstadter, but also those of 
other investigators. 

In Table 1, AK’ has been used as a 
rough guide in searching for new ma- 
terials. This is since the 
fluorescent yield of a material may be 
expected to be proportional to the effec- 
tive number of z-electrons per gram 
of matter. 

AK is a quantity equal to the differ- 
ence in principal diagmagnetic suscepti- 


possible 
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2) do not include only values obtained 


bility along the normal to the plane 
of the molecule and the average sus- 
ceptibility in the plane of the molecule. 
AK’ is AK/M where M is the molecular 
weight. 

Many aromatic molecules have an 
anomalously high anisotropy (AK) in 
their principal diamagnetic suscepti- 
bilities, and the anisotropy is partially 
due to the large orbits of the m-electrons. 
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TABLE 1 


Light Yield Properties of Aromatic Molecules 


PI en anthretr t 
Acenapthene 
Naphthalene 
Quaterpheny!tt 
3-Naphthol 
Terpheny! 
Dipheny! 
Fluoranthene 
Stilbene 
Benzene (solid 
luorene 

Tolane (diphenylacet 
Dibenzy! 


Benzophenor e 
Benzil 
Catechol 


Durenett 


Hexamethy! benzene 
p-Benzoquinone 
p-Dichlorbenzene 
retrachlorobenzene 
Hexachlorobenzene 
p-Dibromobenzene 


4-4’ Dibromodipheny 


xcept where note 
‘rystal is colorless 
rystal is colorless 
‘rvstal is colorless 
** Integrated values, 
(5819). 
tt New result 


* 
T 
+ 
+ 


first re 


(‘olor oj 
crystal * 


Color of 
emitted light 


Unknown 
t Blue 
Blue 
Blue 
Violet 

fe if 
ov. 
Violet 
Unknown 
t Violet 
Probably U. \ 


Deep blue 


++ 


t Blue-green 
Violet 
Deep U. V. 
. 


Blue-violet 
viene Blue-violet 
Violet and U. \ 


Tnknown 


_ 


os 


Pale yellow 'nknown 


_ 


Tnknown 


Violet and U. V. 


Tnknown 


— 


++ 
— 


Tnknown 


_ 


"nknown 


_ 


Tnknown 


— 


Tnknown 


—_ 


Tnknown 


l 


os 


Tnknown 


d, crystal is colorless. 

, but sample studied was yellow. 

, but sample studied was greenish yellow 

, but sample studied was slightly brown. 
using anthracene as 1.0 


ported here. 


Relative 
yield fe 
8-particles 


Unknov 


> 0.6 


ight 


** 


Vii 


Unknown 


0.65 
0.15 
0.5 
0.6 
Small 
0.3 
0.4 
0.6 
Does not scin- 
tillate > 0 
Does not scin- 
tillate > 0 
Does not scin- 
tillate > 0 
0.05 
Does not scin- 
tillate > 0 
Does not scin- 
tillate > 0 
Does not scin- 


tillate > 0 


Does not 


tillate > 0 


Does not 
tillate 


Does not 


scin- 
> 0 


scin- 


l 


l 


1 


| 


l 


l 


l 


tillate > 0.1 


Does not 
tillate 


scin- 


> © 


l 


AA 


emu 


10% 


gm 


63 
03 
ay 


4 


SY 


69 
64 
60 


05 


Uncorrected for response of photomultiplier 
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t Sample studied was slightly yellow. 


lier (5819) 


Values are uncorrected for response of photomultiy 


+ 
> 


This is the integrated light yield, with anthracene considered to be 


“ 7, the decay constant, is that which appears in e/7, 


** Values are correct in the range of alpha and proton pulses of 5 Mev 





**Tool Dolly’’ Goes Into 
Radioactive Areas 


A one-armed robot on wheels, which 
can close doors, turn valves, take apart 
and reassemble complex machinery, and 
perform virtually every task the human 
hand can perform, has been developed 
by General Electric engineers for work 
in radioactive areas. 

The device, known as a ‘‘tool dolly,’ 
is rolled into radioactive areas where 
men cannot go, and is operated by 


remote control from a shielded adjacent 
room. It moves under its own power 
along narrow-gage railroad — tracks. 
Power and control are supplied through 
six cables which lead to the power 
source and control devices 

The tool dolly, developed for use on 
projects which GE is conducting for the 
Atomic Energy Commission, weighs 
approximately five tons, and resembles 
a railroad handcar with a small caliber 
deck gun mounted on it. The gun-like 
part of the apparatus is a telescoping 
arm, on the end of which are double 
clamps, similar to prosthetic hands. 
The arm can be extended or shortened, 
raised or lowered, by remote control. 
The ‘‘hand” itself is capable of a wrist- 
bending motion, rotation, and gripping. 

There are six small electric motors in 
the arm and hand, and two dozen of 
them in the entire unit. In addition 
to the general purpose hand, the dolly 
is equipped with an _ hydraulically 
driven ram, electrically controlled, 
which can deliver a four-ton push; 
rotating devices for opening and closing 
valves; and several specialized attach- 
ments for taking apart or reassembling 
specific types of machinery. 

A man operating the dolly must be 
able to see what the device is doing, and 
various methods for observing its move- 
ments from behind a shield can be used. 
To make observation easier, the dolly 
has been equipped with a three-foot 
mirror, which can be turned vertically 
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field ionizes atoms along its path. 
d-c trapping potential applied to a sandwich array of guard rings. 
applied to both outer rings and guard plates produces an r-f field perpendicular to the 
magnetic field. When radio and cyclotron frequencies are the same for ions of a 
particular mass, the ions will spiral out to the collector. 





The ions are prevented from escaping axially by a 





THE OMEGATRON, a recent develop 
ment at the National Bureau of Standards 
in the realm of atomic instrumentation, is 
basically a miniature cyclotron. Devel- 
oped by J. A. Hipple, H. Sommer, and 
H. A. Thomas, it can be used to deter- 
mine the value of the nuclear magneton 
very precisely, so that the ratio of the 
mass of the electron to the mass of the 
proton will be known with greater pre- 
cision than ever before. In addition to 
absolute measurements of mass, the 
omegatron has many other possible uses 
Its high resolution and extreme sensi- 
tivity make it ideal for analysis of gases 
and vapors, and for the measurement of 
nuclear packing fractions. In operation, 
an electron beam parallel to a magnetic 


An r-f potential 








or horizontally by remote control. 

The valve-turning attachments are 
equipped with electric ‘‘feelers,’’ which 
indicate to the operator whether or not 
the valve handle is properly centered in 
the grasp of the turner. 

The mounted in 
boxes, about the size of small suitcases. 
There are 23 switches, nine of them for 
controlling the hand and arm. The 
control panels are also equipped with 
lights, which indicate the position of 
certain of the dolly’s tools with respect 
to the apparatus being worked on. Six 


controls are two 


cables, each containing 25 different con- 
ductors, connect the controls to the 
dolly, it was explained. 


Geological Survey Finds 
3 New Uranium Minerals 


Identification of three hitherto un- 


known uranium minerals has _ been 


announced by the Dept. of Interior. 
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They were found in a coating on 
gypsum on the 300-foot level of the 
Hillside Mine in Yavapai County, 
Arizona, together with schroeckingerite, 
another rare uranium mineral previ- 
found only in Wyoming and 
The 


have been named andersonite, swartzite 


ously 
Czechoslovakia. new minerals 
and bayleyite by geochemists of the 
U.S. Geological Survey. 

The minerals were first observed and 
collected by Dr. Charles A. Anderson, 
Survey geologist, in the Hillside Mine, 
a producer of gold, silver, lead, and zinc. 
The age of the metal mineralization is 
Cretaceous or early Tertiary, but the 
uranium minerals were formed recently. 

Andersonite, swartzite and bayleyite 
are, respectively, hydrous uranyl carbon- 
ates of magnesium, of sodium and cal- 
cium, and of calcium and magnesium. 

Uranium minerals were found in only 
one place, as a coating about }¢ inch 
thick on gypsum, in the oxidized zone, 
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and about 40 feet above the water level. 


The source of the uranium is not 
known; it may be related to small 
aplitepegmatite dikes in the __ pre- 


Cambrian schist which are associated 
with the granite, or it may have been 
deposited with the ore-vein. In any 
case, the uranium carbonate minerals 
are clearly of secondary origin, and 
were deposited on the walls of the drift. 


Subsequent mining operations have 
completely obliterated the occurrence 
of the secondary uranium minerals. 

In general, the several uranium 
minerals are intergrown with each other 
and with the gypsum and schist miner- 
als. Only the schroeckingerite may be 
easily obtained in relatively large masses 
(about a pin-head in size) of a fair 


degree of purity. 
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Vacuum Equipment and Techniques 

Div. I, Vol. 1, of National Nuclear 
Energy Series), edited by A. Guthrie 
and R. K. Wakerling, MeGraw-Hill 
Book Co., Ine., New York, 1949, 264 + 
xvii pages, $2.50. Reviewed by Earl W. 
Flosdorf, Director, Research and Develop- 
Division, F. J. Stokes 
Company, Philadelphia, Pa. 


ment Machine 


This is a record of the research work, 
done under the Manhattan Project and 
the Atomic Energy Commission, spe- 
cifically concerned with the develop- 
ment and study of high-vacuum equip- 
ment by the personnel of the University 
Radiation Laboratory. 
The book compiles observations in the 


of California 


pioneering development of routine pro- 
duction of high vacuum in large systems 
on a scale never previously undertaken, 
i.e., in the operation of the electromag- 
netic separation process. As such, it is 
a tribute to the unprecedented accom- 
plishments of science, industry, govern- 
ment, labor and Army and Navy work- 
ing as a team. 

In presenting the fundamental con- 
siderations of vacuum practice involv- 
ing parts of the kinetic theory of gases, 


NUCLEONICS - May, 1950 


it is assumed that the reader is already 
familiar with the theory but not neces- 
sarily with practice. Those parts of 
theory are presented without 
Special equations of vacuum practice 


proof. 


are developed in the book and discussed 
fully. 
material of special interest in vacuum 


Full references are given for all 


practice. 

Equations are given for calculating 
molecular flow through pipes, including 
application of Knudsen’s formula, cir- 
cular pipes, thin slit-like tubes, equi- 
laterally triangular ducts and ducts of 
other shapes, bends and elbows, as well 
as for calculating pumping speeds and 
for their measurement. The pumping 
speed of cold traps is discussed. 

There is full discussion of the ele- 
ments of a vacuum system, including 
the design and operation of rotary, oil- 
sealed, mechanical, vacuum pumps 
(backing pumps), various types of cold 
traps, booster and high-vacuum jet and 
diffusion pumps, high-vacuum valves 
and, finally, the construction of vacuum 
chambers and process tanks. A full 
chapter is devoted to vacuum materials 
and equipment with much detail given 
to welding, types of gaskets and grooves, 
flanges and valves. Extended discus- 
sion is given to means of producing 
motion within a vacuum chamber. 

Another chapter is devoted to vacuum 
gages and the discussion includes new 
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types of McLeod gages and the various 
electrical gages which have been devel- 
oped. There is satisfactory discussion 
of the limitations and applications of 
the various gages. 

Relatively little attention has been 
devoted to the operational difficulties 
experienced with the large-scale vacuum 
installations in the Oak Ridge plant; 
this subject is being covered elsewhere 
in the series. There is, however, a full 
chapter devoted to leak-detection in- 
struments and techniques. Some dis- 
cussion is devoted to the theory of leak 
detection as well. 

An appendix includes a summary of 
formulas useful in vacuum design, cer- 
tain constants, conversion factors and 
physical properties. Also, there are 
lists of certain useful materials, oils, 
mechanical and diffusion pumps, and 
the nature and source of miscellaneous 
vacuum materials. 

The book is recommended to those 
interested in the design and operation of 
high-vacuum systems. 


Technion Yearbook, edited by Judah 
Wattenberg, American Technion Soci- 
ety, New York, 1949, 256 pages, $2.50. 


Featured in volume 8 of this annual 
publication are 28 papers on topics per- 
taining to technical, industrial and ed- 
ucational progress in the United States 
and Israel. Of particular interest to 
readers of NucLEeonics is the article, 
‘Prospects in Industrial Application of 
Atomic Energy” by Philip Sporn, presi- 
dent of the American Gas and Electric 
Company and chairman of the Advisory 
Committee on Cooperation between the 
Electric Power Industry and the Atomic 
Energy Commission. 

In this article, Mr. Sporn points out 
that the electric power industry has ac- 
cepted the challenge of nuclear energy 
and is now in the midst of a five-year 
plan of expansion. And the competi- 
tion between the two forms of power 
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will depend, to a considerable extent, 01 
how successful this expansion is. 

After discussing estimates on a time- 
table for the availability of nuclear 
power put forth by the AEC’s Genera! 
Advisory Committee, Dr. Robert 
Bacher, former member of the AEC, 
and Dr. Enrico Fermi, Sporn predicts 
that there will be commercial genera- 
tion of nuclear power in 10 to 15 years 
It should be noted, however, that this 
statement was made before work on the 
Knolls power-producing reactor was 
postponed and also before work on the 
H-bomb was announced. As to when 
nuclear fuel would become a significant 
competitor of coal, it is predicted that 
this will take 15 to 25 years, or longer. 

In answer to whether the electric 
power industry is waiting to see what 
happens with nuclear power, Sporn 
says, ‘‘Beginning in 1947 the industry 
started on a five-year $9 billion expan- 
sion program of its facilities, unprece- 
dented in its history, or for that matter 
in the history of any other industry in 
this country. In the three-year period 
1949-1951 alone, some 18,125,000 kw of 
new generating capacity will be com- 
pleted and 15,045,000 of that—83 % 
is fuel-burning capacity, most of that 
coal. In working out that program, 
larger units, higher pressures, higher 
temperatures and new records for ef- 
ficiency will be established. The pos- 
sibility that nuclear reactors will be- 
come practical and economical devices 
has been reckoned with; but it has had 
no retarding effect on expansion plans 
based on the most modern technology 
possible today.”’—J.D.L. 


BOOKS RECEIVED 

Einfiihrung in die Kernphysik (fourth, 
enlarged, edition), by Wolfgang Riez- 
ler, Hermann Hiibener Verlag, Stader 
Strasse 84, Buxtehude, Germany, 1950, 
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309 pages, 8 plates, 1 pull-out chart, 
price DM 16.00 (bound in linen, DM 
17.50). 

Out of My Later Years, a collection of 
essays by Albert Einstein, Philosophical 
New York, 1950, viii + 282 
pages, $4.75 


Library, 


Reflections of a Physicist, by P. W. 
Bridgman, Philosophical Library, New 
York, 1950, xii + 392 pages, $5. 


Elementary Pile Theory, by Harry 
Soodak and Edward C. Campbell, John 
Wiley & Sons, Inc., New York, 1950, 
ix + 73 pages, $2.50. 


Experimental Designs, by William G. 
Cochran and Gertrude M. Cox, John 
Wiley & Sons, Inc., New York, 1950, 
ix + 454 pages, $5.75. 


The Nature of Physical Reality, by 
Henry Margenau, McGraw-Hill Book 
Co., Ine., New York, 1950, xiii + 479 
pages, $6.50. 


OTHER LITERATURE 


The Geiger-Miiller Counter, National 
Bureau of Standards Circular 490. In 
addition to the G-M counter itself, this 
booklet discusses methods of detecting 
counter pulses, applications of counters 
to quantitative measurements, propor- 
tional counters, and preparation and 
filling of G-M counters. Also, there 
are a number of examples of special 
forms of counters and a discussion of 
some of the electronic circuits com- 
monly used to obtain an indication of 
counter response. A bibliography is in- 
cluded. Available from Superintendent 
of Documents, U. S. Govt. Printing Of- 
fice, Washington 25, D. C., 20 cents. 


= 


On the Energy Loss by Fission Frag- 
ments Along Their Range, by N. O. 
Lassen, Ejnar Munksgaard, Copen- 
hagen, 1949, 43 pages, Dan. kr. 4.00. 


Chart of The Nuclides. 
edition of the ‘‘Chart of The Isotopes” 
prepared by the General Electrie Re- 
search Laboratory and originally issued 
in 1948. <A booklet entitled “‘Nuclides 
and Isotopes” and written by James 
Stokley contains supplementary infor- 
mation and accompanies the chart. 
Both chart and booklet are available with- 
out cost from the General Electric Co., 
Dept. 6-221, Schenectady 5, N. Y. 


This is a new 


Radioisotopes—A Survey. This book- 
let was prepared by Kellex, a develop- 
ment and design engineering firm with 
seven years’ atomic energy experience, 
which now provides research and con- 
sulting services in the industrial appli- 
cations of radioisotopes. Booklet avail- 
able without The Kellex 
Corporation, 233 Broadway, New York 7, 


| ie 


cost from 


Proceedings of the First National Air 
Pollution Symposium. Available from 
National Air Pollution Symposium, Ex- 
ecutive Headquarters, 612 South Flower 
Street, Suite 332, Los Angeles 14, Calif., 
148 pages, $2.50. 


Testing by The National Bureau of 
Standards, National Bureau of Stand- 
ards Circular C483. Describes the Bu- 
reau’s test policy, presents general in- 
formation on testing, and lists fees for 
most of the test work that is done there. 
Available from Superintendent of Docu- 
ments, U. S. Govt. Printing Office, 
Washington 25, D. C., 25 cents. 


~> 
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KNOLLS BREEDER HALTED; TO WORK ON SHIP REACTOR 

Revision of the research program of the General-Electric-operated Knolls 
Atomic Power Laboratory, Schenectady, New York, to speed up design and 
development work on a land-based prototype for a ship propulsion reactor 
has been authorized by the Atomic Energy Commission. This change is also 
expected to provide for maximum participation of the laboratory technical 


staff in an expanded production pro- 
gram at the Hanford Works, Richland, 
Washington. 

Named the ship intermediate reactor 
(SIR), this is a second and simultaneous 
attack by industrial contractors of the 
Commission on the problem of applying 
atomic energy to naval ship propulsion. 
The Argonne National Laboratory and 
the Westinghouse Electric Corporation 
are developing designs for a land-based 
prototype of a ship thermal reactor 
(STR) suitable for naval ship propul- 
sion. Although both reactors will be 
designed to meet similar Navy perform- 
ance specifications, they will be separate 
projects, involving different approaches 
and therefore different technical and 
engineering problems. 

The reorientation of the KAPL re- 
search followed an AEC action that 
deferred the start of construction of 
the West Milton intermediate power- 
breeder reactor project, upon whose 
design the Knolls Atomic Power Labo- 
ratory has worked along with prelimi- 
nary design of the ship reactor. It is 
estimated that from two thirds to three 
fourths of the research and development 
work already done on the intermediate 
power-breeder reactor will find use in 
the accelerated ship propulsion reactor 
project. 

The plans for the SIR will call for a 
single-purpose machine designed specif- 


ically to produce large amounts of heat 
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to be used for generating power. This 
is the difference between the SIR and 
the original West Milton power-breeder 
reactor. The latter was designed both 
for power production and for breeding 
reactor fuel. 


GE ROTATIONAL TRAINING 
STARTS AT HANFORD 

The first ten technical graduates re- 
ported last month at the Hanford 
Works, Washington, to begin the newly 
installed General Electric Company ro- 
tational training program, believed to 
be the first program of its kind at any 
US atomic energy plant. 

Approximately fifty promising young 
technical graduates at a time ultimately 
will receive this training that will, for 
three months, offer them successive as- 
signments in different parts of the vast 
plutonium manufacturing installation 
so that they can get acquainted with 
the plant’s operation and the plant can 
get acquainted with their aptitudes. 


AEC TO BUILD ACCELERATOR 
IN FRISCO BAY AREA 

The Atomic Energy Commission has 
announced that a new classified research 
project is being undertaken in the San 
Francisco Bay area. The project in- 
volves the construction of a particle 
accelerator which will be used to pursue 
a classified research program for the 
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AEC. The project is expected to cost 
ibout $7,000,000 

The program will be undertaken by 
the California Research and Develop- 
ment Company in cooperation with the 
Radiation Laboratory of the University 
of California. The company is a sub- 
sidiary of the California Research Cor- 
poration which is owned by the Stand- 
ard Oil Company of California. 

The new project will be undertaken 
it the Naval Air Station 
through the cooperation of the Navy 


Livermore 


Department, which has agreed to work 
with the Commission in obtaining a 
Work at the 


transfer of the property. 
site is already under way. 


AEC APPROVES 34 NEW 
LIFE-SCIENCE RESEARCHES 

From November 1, 1949, through 
March 9, 1950, the Atomic Energy 
Commission approved 41 research pro- 
posals in the field of biology and medi- 
cine. Thirty-four of the proposals are 
for new research projects at universities, 
hospitals, and private research labora- 
for renewals of existing 
and one covers a_ working 
agreement with the Fish and Wildlife 
Service of the Department of Interior. 

Award of the 
rently being negotiated by AEC Opera- 


tories, SIX are 
projects, 


new contracts, cur- 
tions Offices, brings to 194 the number 


of AEC-supported research projects 
now being carried on in biology and 
$5,000,000 


has been set aside for support of such 


medicine. Approximately 
research in non-AEC agencies during 
the current fiscal year. 


U. OF MICHIGAN TO HAVE 
SUMMER ATOM SEMINAR 

\ pioneering course in “‘ Public Policy 
and Atomic Energy” will be offered at 
the summer session of the University of 
Michigan, Ann Arbor, from June 26 to 
August 18 
outstanding seniors, it 


For graduate students and 
will be one of 
the first courses in this field ever offered 
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Marshall 


and 


by a college or 
Dimock 
government officials and private atomic 


university 


will conduct the course 
experts will give some of the course lec- 
Many of the talks will be open 
to the public. 


tures 

Six major areas which will be con- 
sidered in the proseminar: (/) legislative 
formation of policy; (2) administrative 
operation of the program; (3) coordina- 
tion of military and civilian aspects of 
atomic energy policy; (4) governmental 





ABOUT THE COVER 





RIMARY neutron standard—a 

4-cm diameter beryllium sphere 
enclosing a gram of radium bromide, 
developed by the National Bureau of 
Standards—is calibrated in this tank 
of boric acid. Two indium and two 
manganese foils, which become radio- 
neutron bombardment, 


active under 


are used as detectors. They are sus- 
pended in the neutron-absorbing boric 
acid close to the standard, and then 
moved away at a predetermined, ac- 
curately known rate. Measurement 
of radiation from the foils, 
knowledge of their paths through the 


bath, permits accurate calculation of 


plus 


the total number of neutrons emitted by 
the standard. In the cover picture, 
one of the foils is shown being re- 
moved prior to being placed in a 
radiation counter. Photo from National 


Bureau of Standards 
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relations with research institutions and 
business corporations; (5) community 
management of atomic energy sites; 
(6) international programs relating to 
atomic energy. 


DEFENSE TEACHING LAUNCHED 
IN NATION-WIDE PROGRAM 


The program known as the Civilian 
Radiological Defense Teachers Train- 
ing Course recently got under way 
simultaneously at Oak Ridge, Los 
Angeles, and Upton, N. Y., with the 
completion of special five-week studies 
in radiological defense. The partici- 
pants in these courses were selected by 
the Governors of their respective states, 
and it is expected that they will now 
supervise civilian defense training pro- 
grams in their states as outlined by their 
Governors. 

The courses, sponsored by the Na- 
tional Security and Resources Board 
through the General Services Adminis- 
tration, took place at the Oak Ridge 
National Laboratory, the University of 





California, and Brookhaven Nation 
Laboratory. The subjects cover 
were instrumentation, bomb phenom 
ena, nuclear structure and reactions 
radioactivity and fission products 
medical effects of bomb radiation, and 
interaction of radiation with matter. 

Also, at the University of Rochester 
School of Medicine and Dentistry 
recently, about thirty selected physi- 
cians from seven states took part in an 
intensive, week-long civilian defense 
course in which all phases of atomic 
injuries and treatment were covered 
This course, and a similar one given at 
the same time at Johns Hopkins Uni- 
versity School of Medicine, launched a 
nationwide project organized by the 
NSRB in cooperation with the Atomic 
Energy Commission. 

Other courses will be given later at 
medical schools of the University of 
California at Los Angeles, the Uni- 
versity of Alabama, Western Reserve 
University, and the University of 
Utah, and at the Argonne National 
Laboratory. 


CAL TECH TO BUILD BILLION-VOLT ELECTRON SYNCHROTRON 


The California Institute of Technology has just announced plans for a new 
high-energy-physics laboratory in which it will build a 1-Bev electron acceler- 
ator. The estimated cost of the completed installation, not including the 
laboratory building which is already available, is something over one million 


dollars. 


The Atomic Energy Commission will assist in financing the project. 


The accelerator, an electron synchrotron, will be the most powerful machine 


of its type ever built. The construc- 
tion of this machine will be speeded up 
by the fact that a magnet of the proper 
size is already in existence in the Uni- 
versity of California’s Radiation Labo- 
ratory where it was used for a pilot 
model of a 6-Bev proton accelerator. 
Because the latter machine, known as 
the bevatron, was designed to accelerate 
protons, which are 1,800 times heavier 
than the electrons to be used in the Cal 


Tech machine, some modifications of the 
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magnet will be necessary. amianiitie 
and shipping of the magnet parts from 
Berkeley are already under way. 

Plans call for building the electron 
synchrotron at Cal Tech in two stages. 
In the first stage, the bevatron model 
magnet will be used with only minor 
modifications and will produce electrons 
of 500-Mev energy. After some ex- 
perience has been obtained at this en- 
ergy, the additional modifications will 
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be made to bring it to the billion-volt 
level. Robert F. Bacher, chairman of 
Cal Tech’s physics division, estimates 
that the first stage can be completed in 
An additional 
year and a half will be required to reach 
the billion-volt level. This means that 
billion-volt 
operation should be accomplished about 
the middle of 1952. 

Annual operating costs of the experi- 
mental program to be undertaken after 


approximately one year. 


on present schedules the 


the billion-volt phase has been com- 
pleted will be about $300,000 a year. 


3-NATION CONFERENCE HELD 
ON RADIATION INSTRUMENTS 


Representatives of the United King- 
United 
cently attended a technical conference 


dom, States and Canada re- 
at the Canadian atomic energy estab- 
lishment at Chalk River, Ontario, to 
discuss problems connected with radia- 
tion instruments. 

Held within the Technical Coopera- 
tion Program as established among the 
respective governments, the conference, 
which was not open, dealt with detailed 
applications of instrumentation, par- 
ticularly having to do with the reliabil- 
ity of electronic equipment used for 
radiation detection and measurement. 

Representatives from ten atomic en- 


ergy centers in the U. S. attended. 


WORLD POWER CONFERENCE 
TO HEAR U.S. NUCLEAR PAPER 


At the request of the organizing com- 
mittee of the World Power Conference, 
a paper on atomic power production has 
been added to the list of 20 papers on 
various subjects that will be read at 
the power meetings in London, July 
10-15. To be presented by Ward F. 
Davidson, Research Engineer, Con- 
solidated Edison Company of New 
York, Inc., it is entitled ‘Nuclear 
Energy for Power Production—II.” 
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NUCLEAR NEWSMAKERS 


Robert F. Bacher, professor of physics 
and chairman of the Division of Physics, 
Mathematics, and Astronomy at the 
California Institute of Technology and 
former member of the Atomic Energy 
Commission, has been elected to the 
Board of Directors of the Consolidated 
I:ngineering Corporation. 


Darol K. Froman has been named tech- 


nical associate director of the Los 
Alamos Scientific Laboratory to replace 
John H. Manley, who recently resigned 
the post to devote more time to the re- 
search currently being carried on at the 


laboratory. 


The death of Arthur J. Dempster on 
March 11 has been announced by the 


Argonne National Laboratory where he 
(Continued on page 87) 





Maurice Goldhaber, professor of physics 
at the University of Illinois, has been 
appointed to the department of physics at 
Brookhaven National Laboratory to direct 
experimental and theoretical studies of 


the energy levels of atomic nuclei. His 
wife, Mrs. Gertrude Scharff-Goldhaber, 
a nuclear physicist too, has also accepted 
an appointment at Brookhaven. They 
will join the staff in June and collaborate 
on projects at the laboratory, where oper- 
ating facilities will increase later this 
year with addition of a nuclear reactor 
(graphite-uranium pile) and a cosmotron 
(ultra-high-energy accelerator). 
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LOW-INTENSITY DRY BOX 


S. Blickman, Inc., Weehawken, N. J. 
Made of polished stainless steel, this 
44 by 30 in. dry box has rounded, 
welded corners that make cleaning and 
decontamination easy. Two oval ports 
in the front of the box have rubber 
gauntlets sealed in, allowing access to 
the box without direct contact with 
radioactive materials. Electric outlets, 
hose cocks, and two fluorescent lamps 
inside the box are controlled from the 
outside. <A slight negative pressure is 
maintained within the enclosure by an 
exhaust blower, and a_ low-pressure- 
drop filter in the air inlet allows an air 
flow of 10 ft?/min. Safety glass is used 
for the front panel. An air lock is pro- 
vided for insertion of materials. The 
unit is available with or without a stand. 


PROTECTIVE PAPER 


Kimberly-Clark Corp., Neenah, Wis. 
Capable of absorbing up to 16 times its 
own weight of liquid within 30 seconds, 
Kimpak is finding increasing use in the 
nucleonies field as a covering for table 
tops and work surfaces. By absorbing 


spilled liquid, it lessens the danger of 
contamination. Advantages listed by 
the manufacturer are easy disposability, 
low cost, noncontaminating makeup, 
and ability to absorb dust and finely 
divided particles. Kimpak is available 
with a wide variety of embossings in 
thicknesses ranging from 0.01 to 0.55 in. 
Many different backing papers are also 
available. Recommended by the man- 
ufacturer for use in the radioactivity 
field is the whipeord-embossed type 201 
Kimpak, 0.03 in. thick, with a 40 Ib 
Cromwell water-resistant backing paper 
glued to its under side. This particular 
Kimpak weighs 35.1 Ib/1,000 ft?, in- 
cluding the 14.7 lb weight of the backing. 
It isavailable in 800-ft rolls in any width 
between 2 and 40 in., and in sheets with 
widths in the same range and lengths 
from 10 to 110 in. Minimum order is 
1,000 ft?. Also available is a nonab- 
sorbent Kimpak, type 500, which is 
brown instead of white. Both types 


are antitoxic. 





HIGH-SPEED RECORDER 


Potter Instrument Co., Inc., 115 Cutter 
Mill Rd., Great Neck, L. I. De- 
signed for use with Potter electronic 
counters and counter chronographs, a 


May, 1950 - NUCLEONICS 








ne 
col 
dig 
igt 
or 

col 
pa 
ure 
mé 





Ni 
22 
Ci 


co 


CO 
T 
Ww 
te 
ag 
de 


or 











Aa YY 





Teledeltos 
corder uses 24 styli for recording a six- 
1-2-4-8 decimal des- 


Count 


new high-speed paper re- 


digit number \ 


gnation is used for each digit. 


or time interval registered by the 
ounter is. transferred to Teledeltos 
paper at the completion of each meas- 
irement. The counter is then auto- 


matically reset. 











ALL-PURPOSE SCALER 


Nuclear Instrument & Chemical Corp., 


223 W. Erie St., 


proportional or 


Chicago 10, II. 
Geiger, scintillation 
counting can be done by either auto- 
matic or manual methods with the new 
Ultrasealer. Two inputs are provided 

one for Geiger pulses and the other 
for very small proportional pulses re- 
quiring linear amplification. A resolu- 
tion time of 2 ywsec is claimed for the 
scale-of-128; 
selection is provided to permit use of 


Higinbotham-type scale 


smaller sealing factors. A built-in reg- 
ister indicates total number of counts, 
timer can be set for 
a predetermined time. 
The timer also indicates elapsed time 


and a_ built-in 


counting over 
when the instrument is set for a prede- 
termined count. Stabilized high volt- 
age is variable to 2,500 volts, and a time 
delay relay prevents over-voltage surge 
on the Geiger tube when first turned on. 
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PORTABLE SCALER 

Berkeley Scientific Richmond, 
Calif. Battery makes the 
model 80 portable G-M scaler independ- 


Ce. 


operation 


ent of a-c power supply. The instru- 
ment consists of a G-M tube and probe, 
an electronic scale-of-eight, a mechani- 
eal register, and a high-voltage supply 
which is adjustable from 900 to 1,102 
volts in ten steps. A maximum con- 
tinuous counting rate of 14,400 epm is 
claimed, and pulse resolution time is 
said to be 90 psec 


counts is indicated by the mechanical 


Summation of 


register; a microammeter is used for 


interpolation. Housed in a_hermeti- 
cally sealed one-piece magnesium cast- 
ing with removable backplate, the in- 
strument measures 1254 in. by 919 in. 


by 714 in. and weighs 15 lbs. 


DISPERSED PLASTICS 


Chemical Manufacturing Division, M. 
W. Kellog Co., P. O. Box 469, Jersey 
City 3, N. J. The first two of a series 
of Kel-F (trifluorochloroethylene poly- 
mer) dispersions are now available. 
These dispersions make the plastics 
available in a form that permits their 
application to materials and equipment 
not amenable to processing by conven- 
tional plastic molding. Type N-I is a 
nonaqueous dispersion containing ap- 
proximately 20% of dispersed Kel-F 
plastic. _Nonaqueous type NW-25 con- 
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tains 27 % total dispersed solids. Both 
may be applied by spray, brush, or dip 
methods. Fusion of the dispersed film 
is accomplished by heating at tempera- 
tures ranging from 225 to 360° C. 





RISE-TIME INDICATOR 


Electronic Systems Co., 555 E. Tre- 
mont Ave., New York 57, N. Y. The 
model 632-B pulse rise-time indicator 
is an instrument for the accurate plot- 
ting of the rise time of rapidly rising 
positive voltage pulses. Rise times 
from 0.005 to 0.1 usec can be read in 
20 steps. A delay line of variable 
length is adjusted until the vacuum tube 
voltmeter in the instrument reads a 
maximum; the calibrated line is then a 
measure of rise time and may be used to 
plot the leading edge. Positive peak 
pulses from 1 to 200 volts may be cali- 
brated with a maximum error of 
+ 0.005 wsec. Operating from 110 
volts, 60-cycle, the instrument uses 60 
watts. Weight is less than 25 lbs. 


MINIATURE POWER SUPPLY 


Eltron, Inc., Jackson, Mich. Operat- 
ing from a 3-volt dry or wet cell, the 
model 103D-6 delivers a regulated and 
filtered 900-volt d-c output for G-M 
counters. The unit measures 15¢ in. 
by 2546 in. by 234 in. and weighs 12 
ounces. Output voltage is constant 
within one percent for an input battery 
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voltage varying from 2.2 to 3.5 volt 
Output ripple is less than 0.2 volt 
Available for either fixed or plug-i 
mounting, the unit is said to have a lif 
of more than 1,000 hours. Other unit 
using the same four-pole vibrator in 
patented self-rectifying voltage mult 
plier circuit deliver power outputs rang 
ing from milliwatts to about three watts 
at output voltages as high as 2,500 volts 


D-C MILLIVOLTMETER 


Industrial Control Co., 1462 Undercliff 
Ave., New York 52, N. Y. Character- 
ized by an extremely low internal resid- 
ual, high input impedance, and gain 
stability comparable to that obtained 
in a-c vacuum-tube voltmeters, the 
model 200-A millivoltmeter can detect 
d-e voltages as low as 5 pvolts, or, cur- 
rents to a level of 10~'' amp with suit- 
able shunts. Output from the instru- 
ment is an a-c voltage whose rms 
magnitude is said to be precisely 1,000 
times that of the d-c input. Operated 
from a 115-volt a-c line, the millivolt- 
meter can be used to make any a-c 
vacuum-tube voltmeter direct reading 
for d-c millivolts or d-e pvolts. It 
can also be used as an amplifier in 
servomechanisms. 





D-C CAPACITIVE DIVIDER 


Millivac Instruments, P. O. Box 3027, 
New Haven, Conn. The PR6-NL 
1,000-to-1 capacitive d-c divider is an 
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measuring device de- 


ultrasensitive 
signed for use with the model MV-17b 
d-c millivoltmeter. 


Currents to be 
measured are fed into a 500 wuf capaci- 
tor for a definite period of time. A 
switch then transfers the accumulated 
an 0.5 uf capacitor which 
power to the millivolt- 
meter. Current down 
to5 x 10 
with a charging time of 50 sec. 


charge to 
supplies d-c 
measurements 
> amp are said to be possible 
The 
PR6-NL can also be used for infinite- 
impedance voltage measurements be- 
tween | volt and 30 kv. 


RARE GASES 


Linde Air Products Co., 30 E. 42nd St., 
New York 17, N. Y. Krypton, xenon, 
and argon gases for laboratory use are 
liter bulbs as well as in 
Both krypton 
and xenon are being produced in large 


available in 
small rare-gas cylinders. 


quantity at the company’s Essington, 
Pa., plant. 


THERMOSETTING RESIN 


Electro Chemical Supply & Engineering 
Co., 750 Broad St., Emmaus, Pa. 
Self-hardening at room temperature, 
Duron is a new thermosetting resin 
which will adhere to concrete or metal 
Devel- 
oped for use in cements for joining brick 


without the use of a primer. 


and tile, for coating concrete, steel, or 
wood, and for impregnating wood, the 
new resin is said to be inert to solvents, 
fats, oils, greases, and alkalis of all con- 
centrations. It is also resistant to s 
wide range of acids. 


HIGH-VOLTAGE SUPPLY 


Dale Pollack, 352 Pequot Ave., New 
London, Conn. The model 4 power 
supply operates from a battery input 
of 3.0 volts and provides an output of 
1,000 volts. With a volume of 1214 
cubic inches, it weighs 15 ounces. 
Battery life of 65 hours is claimed. 
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NOTE: Jn connection with the article 
** Education for Nuclear Engineering" which 
appeared in NUCLEONICS in July, 1949, 
and which proposed the idea of making nuclear 
specialists out of engineers, it was pointed out 
that Reed College had taken a parallel step in 
offering a course designed to make 
specialists out of doctors. 

In response to an invitation from the Editor, 
Lt. Col. Clinton Maupin of the Marine Corps, 
a student in the first course given at Reed, has 
sent us for publication his recollection of the 
course itself and comments on its merits 


nuclear 


Dear Sir: 

In September of 1948, three medical 
officers of the United States Army Med- 
ical Department were ordered to report 
to Reed College, Portland, Oregon to 
pursue a six months’ course of instruc- 
tion in Medical Aspects of Radiation 
Hazards. 

Certain members of the staff of Reed 
College’s [Division of Mathematics and 
Natural Science had taken on the nu- 
clear training program as a joint opera- 
tion. 
been proposed by the AEC several 


Since the program had originally 


months before but no definite agree- 
ment had been reached on the detailed 
scope of the course, the staff was faced 
with the problem of crystallizing general 
ideas into specific courses, assigning in- 
structors, and working the program into 
the general 
Furthermore, advice that the program 
was going into actual operation with 


schedule of the college. 


definite assignment of students to the 
school was not received until less than 
a week prior to starting of classes. 

At interviews by the faculty mem- 
bers with the officers, it became appar- 
ent that there was a large gap to be 
bridged between the practice of medi- 
cine and nuclear physics, radiochemis- 
try and radiobiology. This applied 
particularly to mathematics and phys- 


ics. (Most medical schools require no 
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more than college algebra and int 
ductory college physics, the details 
which because of ‘‘atrophy of disus: 
become vague.) 

Even in our group of three, ba 
grounds were quite diverse. One « 
ficer had practically no mathemati: 
background, but was an expert roen 
genologist; another was familiar ge: 
erally with calculus, but had only t} 
minimum experience in roentgenolog 

It was decided to organize a class in 
general mathematics, a review of gen- 
eral college physics, and lectures in or- 
ganic and physical chemistry courses 
before going into nuclear physics and 
the radiochemical laboratory. 

In view of our mathematical back- 
grounds, the review in physics was 
presented in a relatively nonmathe- 
matical manner. Emphasis was placed 
on the proper handling of units and 
methods of choosing formulas. This 
course, as well as the subsequent one in 
nuclear physics, was closely coordinated 
with the concurrent basic mathematics 
course. 

The basic mathematics course began 
with a review of algebra and an intro- 
duction to fundamental trigonometry 
and calculus. The latter covered prac- 
tice in differentiation and integration of 
commonly encountered functions, and 
applications to rate of change and max- 
ima and minima problems. Emphasis 
was placed on logarithms, laws of vari- 
ation and probability, and _ statistics, 
and their practical use was stressed with 
a minimum of formula development and 
theoretical considerations being em- 
ployed. The text used was ‘‘Introduc- 
tion to Mathematical Analysis” by F. 
L. Griffin (Houghton Mifflin Co., Bos- 
ton, Mass.); this book was an admirable 
one for the purpose since it is confined 
to the essentials and has abundant prob- 
lems of practical type. 

Auditing of organic and 
chemistry served to 
rusty memories in chemical terminol- 
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ogy. (It was felt that a general chem- 
ical review course analogous to the basic 
mathematics course would have better 
fitted our needs, and such a course, I 
understand, was established beginning 
with the next class.) 

Having thus been indoctrinated basi- 
cally, we began the two feature courses, 
nuclear physics and _ radiochemistry, 
which got underway on November 9 
and December 1, respectively. In both 
courses, ‘‘Nuclear Radiation Physies”’ 
by R. Ek. Lapp and H. L. Andrews 

Prentice-Hall, Ine., New York) was 
the bible. Here again utilization was 
the theme, with the result that essen- 
tials were emphasized, development of 
equations kept at a minimum, and tech- 
nical matters such as electronic circuits, 
details of the pile, binding energy equa- 
tions, efc., were covered only for the 
purpose of general information. Sub- 
jects particularly applicable to the phy- 
sician, such as health physics, were, of 
course, discussed in detail. 

In the laboratory, experimental work 
centered around proficiency in the use of 
radiation detection instruments, their 
application to chemical procedures, and 
the special techniques for dealing with 
radioactive materials. 

In one phase of this work, we physi- 
cians found ourselves more or less at 
home. This was in the modified sterile 
technique required in handling radioac- 
tive materials. The experiments were 
graduated from the simple to the com- 
plex. They ranged from determining 
the characteristic voltage plateau curve 
of a Geiger tube and proving the inverse 
square law of radiation intensity to 
demonstrating coprecipitation and in- 
oculating animals with radioiodine to 
show major absorption of that element 
by the thyroid gland. This course was 
well planned and presented in a prac- 
tical manner; it gave us a good insight 
into the applicability of radioisotopes to 
chemistry, biology, and medicine and to 


their limitations and hazards. 
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During the last four months of the 
training program, biology and biochem- 
istry courses which pointed up radia- 
tion aspects ran concurrently with the 
physics lecture course and the radio- 
chemistry laboratory work. Emphasis 
was placed upon genetics and the effect 
of ionizing radiations on chemical, bio- 
logical and heredity processes, 

In summary, the course given at 
Reed College was designed to introduce 
us to the medical aspects of radiation 
hazards and prepare us for a six months’ 
tour of on-the-job training at an ARC 
installation. It is my opinion that it 
succeeded in this. 

As in all original projects, some re- 
dundancies crop up, and some deficien- 
cies occur. These, however, were few, 
and nonessentials have been eliminated 
and deficiencies corrected for subse- 
quent courses. It is in this type of 
course that the physician can obtain a 
most excellent background in nuclear 
radiation without being asphyxiated 
with mathematical, physical, and chem- 
ical intricacies. 

CuinTon 8S. Maupin, Lt. Col., MC, USA 


Army Industrial Hygiene Laboratory 
Army Chemical Center, Maryland 


Nuclear Newsmakers (Cont. from p. 81) 





served as director of the Division of 
Mass Spectroscopy. 


Francis B. Silsbee, chief of the Electric- 
ity and Optics Division of the National 
Bureau of Standards, has been elected 
president of the Washington Academy 
of Sciences. 


Patrick M. Hurley has recently assumed 
the position of executive officer of the 
Department of Geology at the Massa- 
chusetts Institute of Technology. On 
the MIT staff since 1938, he has lately 
been engaged in research on the appli- 
cations of nuclear science to geology for 
the Office of Naval Research. 
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Investigate these aids to 


RADIATION RESEARCH 


Radiation Standards 


The United States Radium Corporation 
offers two types of radiation standards 
for dependable, accurate recalibration 
of Geiger counters, ionization chamber 
survey instruments, and radiation dosage 
meters. 

One, an exclusive type, through a 
method based on the incorporation of 
radium (or related element) in foil, 
offers greater latitude in design-configu- 


ration of the standard and can be fitted 
easily to your apparatus. This type is 
available as a point source or a linear 
source and is especially adaptable where 
a source of low intensity is required. 

In addition, U. S. Radium Corpora- 
tion can supply the conventional type 
of radiation standard, consisting of her- 
metically-sealed capsules containing a 
radium salt. 


Alpha, Beta, and Gamma Ray Sources 


For your research or experimental re- 
quirements, U. S. Radium Corporation 
can provide appropriate sources of 
alpha, beta, or gamma radiation—in foil, 


strip, or point form. Sources suitable 
for ionizing air or other gases, for in- 
direct activation of phosphors, and for 
many other applications can be supplied. 


New Standard Light Sources 


Radioactive luminous compounds re- 
quiring no external source of activation, 
exhibiting virtually negligible change in 
brightness with time, and emitting only 


easily absorbed radioactive radiations, 
have recently been developed by U. S. 
Radium Corporation. The colors avail- 
able cover most of the visible spectrum. 


Improved Neutron Sources 


U. S. Radium Corporgtion can supply 
radium-beryllium neutron sources in a 
powdered or a compressed mixture, any 
size from a few milligrams for college 
laboratory routine experimentation to 


1000 or more milligrams for special ap- 
plications. They are packaged in stain- 
less steel or magnetic iron capsules. The 
design or shape of the container can be 
adjusted to meet special requirements. 


Let‘s Work Together 


The materials described above charac- 
terize one of the principal categories in 
which U. S. Radium Corporation serves 
research, industry, and medicine. What- 


ever your needs in this field, we suggest 
you contact us. We can provide standard 
or special materials—some of them avail- 
able nowhere else—to meet your needs. 


Please address Dept. D 


UNITED STATES 


535 Pearl Street 


RADIUM CORPORATION 


New York 7, N. Y. 
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